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1. INTRODUCTION

The process by which the ecological risks of environmental contaminants is evaluated is two-
tiered. In the first tier, a screening assessment is performed where concentrations of
contaminants in the environment are compared to toxicological benchmarks. These benchmarks
represent concentrations of chemicals in environmental media (water, sediment, soil, food, etc.)
that are presumed to be nonhazardous to the biota. While exceedance of these benchmarks does
not indicate any particular level or type of risk, concentrations below the benchmarks should not
result in significant effects. In practice, when contaminant concentrations in food or water
resources are less than these toxicological benchmarks, these contaminants may be excluded from
further consideration. If, however, the concentration of a contaminant exceeds a benchmark, the
contaminant should be retained as a contaminant of concern (COC) and be subject to further
investigation.

Toxicological benchmarks may also be used as part of a weight-of-evidence approach
(Suter, 1992) in a baseline ecological risk assessment, the second tier in ecological risk
assessment. Under this approach, toxicological benchmarks are one of several lines of evidence
used to support or refute the presence of ecological effects. Other sources of evidence include
media toxicity tests, surveys of biota (abundance and diversity), measures of contaminant body
burdens, and biomarkers.

This report presents toxicological benchmarks for assessment of effects of 55 chemicals on
six representative mammalian wildlife species (short-tailed shrew, white-footed mouse, cottontail
rabbit, mink, red fox, and whitetail deer) and eight avian wildlife species (American robin,
woodcock, wild turkey, belted kingfisher, great blue heron, barred owl, Cooper's hawk, and red-
tailed hawk) (scientific names are presented in Appendix Q. These species were chosen because
they are widely distributed and provide a representative range of body sizes and diets. The
chemicals are some of those that occur at United States Department of Energy (DOE) waste sites.
The benchmarks presented in this report are values believed to be nonhazardous for the listed
wildlife species.

2. AVAILABILIi► AND LIMITATIONS OF TOXICITY DATA

Information on the toxicity of environmental contaminants to terrestrial wildlife can be
obtained from several sources including the United States Environmental Protection Agency
(EPA) Terrestrial Toxicity Data Base (TERRE-TOX, see Meyers and Schiller, 1985);1.1. S. Fish
and Wildlife Service reports, EPA assessment and criteria documents, and Public Health Service
toxicity profiles. Selected data from these sources are presented in tabular form in Appendix A.
Pesticides were excluded from this compilation except for those considered to be likely
contaminants on DOE reservations. Most of the available information on the effects of
--nvironmental contaminants on wildlife pertains to pesticides and little to industrial and laboratory
chemicals of concern to DOE. Furthermore, the toxicity data that are available are often limited
to severe effects of acute exposures [e.g., frank-effects levels (FELs), or concentration or dose
levels causing 50% mortality to a test population (LCb and LD,,)]. Few studies have determined
maximum safe exposure levels (no-observed-adverse-effect-levels, or NOAELs) for situations in
which wildlife have been exposed over an entire lifetime or over several generations. iln this
document, NOAEL refers to both dose (mg contaminant per kg animal body weight per day) and
concentration (mg contaminant per kg or L of food or water).] Consequently, for nearly all
wildlife species, a NOAEL for chronic exposures to a particular chemical must be estimated from
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less than ideal data (e.g., LD,O values) or from toxicity studies of the same chemical conducted
on a different species of wildlife or on domestic or laboratory animals. In most cases, the only
available information is from studies on laboratory animals (primarily rats and mice). Such
laboratory studies represent a database whose use should be maximized; however, individual
studies may be somewhat iiraited in scope and relevance to wildlife.

Wildlife NOAELs that are estimated from data on laboratory animals must be evaluated
carefitlly, bearing in mind the possible limitations of the data. Studies on one particular group
of animals, such as mice, may not be appropriate for evaluating potential toxicity to birds,
amphibians, or even to other groups of mammals such as deer. Variations may also exist among
species within the same family or genus. The reason is that significant physiological or
biochemical differences may exist, such as in metabolism and disposition, which can alter the
potential toxicity of the chemical in the tested species. Extrapolation of data from laboratory
species to wildlife species may also be inappropriate if the inbred laboratory strains have an
unusual sensitivity or resistance to the test compound. Differences in behavioral and ecological
parameters (e.g., stress factors such as competition, seasonal changes in temperature or food
availability, diseased states, or exposure to other contaminants) may make a wildlife species'
sensitivity to an environmental contaminant different from that of a laboratory or domestic
species.

Available studies on wildlife or laboratory species may not include evaluations of all
significant endpoints for determining long-term effects on natural populations. Important data
that may be lacking are potential effects on reproduction, development, and population dynamics
following multigeneration exposures.

The available data may identify only the lowest-observed-adverse-effect-level (LOAEL), or
an FEL, or LD50. Estimating a NOAEL for a chronic exposure from such data can introduce
uncertainty into the calculation.

If the NOAEL (or LOAEL) is based on a study in which the exposure period was suhchronic
(i.e., from several weeks to several months), then some uncertainty would be associated with
estimating at what lower dose level the same effect might occur if the exposure occurred over an
entire lifetime or for several generations.

The fewer the number of steps in the extrapolation process the lower the uncertainty in
estimating the wildlife NOAEL. For example, extrapolating from a NOAEL for an appropriate
toxic endpoint (i.e., reproductive or population effects) for white laboratory mice to white-footed
mice that are relatively closely related and are of comparable body size would have a high level
of reliability. Extrapolating from a LOAEL or FEL for a less ideal endpoint (i.e., change in
enzyme activity) in laboratory mice to a non-rodent wildlife species would have a low level of
reliability in predicting actual effects on natural populations. Extrapolation models for these
wildlife extrapolations have not been developed as they have for aquatic biota (Suter, 1992).

3. METHODOLOGY

The general method to be used for these extrapolations is one based on an EPA methodology
for deriving human toxicity values (e.g., Reference Values, Reportable Quantities, and unit risks
for carcinogenicity) from animal data (EPA, 1986a, 1986b, 1988, 1989).



The first step in the procedure is to identify the toxicity data currently available for the

chemicals of interest. NOAELs and LOAELs for the chemicals of concern at DOE facilities were

obtained from the open literature, I:PA review documents, and secondary sources Registry of

Toxic Effects of Chemical Substances (RTECs) (Appendix B). NOAELs and LOAELs are daily

dose levels normalized to the body weight of the test animals (e.g., milligrams of chemical per

kilogram body weight per day). The presentation of toxicity data on a mg/kg/day basis allows

comparisons across tests and across species with appropriate consideration for differences in body

size. Studies have shown that numerous physiological functions such its metabolic rates, as well

as responses to toxic chemicals, are a function of body size. Smaller animals have higher

metabolic rates and are usually more resistant to toxic chemicals because of more rapid rates of

detoxification (however, this may not be the case if the toxic effects of the compound are

produced primarily by a metabolite). It has been shown that the best measure of differences in

body size are those based on body surface area which, for lack of direct measurements, can be

expressed in terms of body weight (bw) raised to the 2/3 power (bw") (EPA, 1980). If the dose

(d) itself has been calculated in terms of unit body weight ( i.e., mg/kg), then the dose per unit

surface area (D) equates to

d x bw
D = ------------

= d x bw,,, (1)
bw"

The assumption is that the dose per body surface area (Equation 1) for species "a" and "b"
would be equivalent:

d, x bw,YO = ds x bw." (2)

Therefore, knowing the body weights of two species and the dose (db) producing a given effect
in species "b," the dose (d,) producing the same effect in species "a" can be determined:

d"
=

d` x
Iff-i d" x(hw,/bw.)" (3)
bw.

This is the methodology that EPA uses in carcinogenicity assessments and reportable quantity
documents for adjusting from animal data to an equivalent human dose (EPA, 1985, 1988). The
same approach has been proposed for use in extrapolating from one animal species to another.
However, it should be noted that this method has not been applied to wildlife by the EPA and
that wildlife toxicologists commonly scale dose to body weight without incorporating the
exponential factor of 2/3. The exponent has been retained for this report because no reason exists
why different methods should be used to extrapolate from mice to humans and mice to foxes.
The issue of appropriate scaling models for wildlife should be investigated.

For developing reference doses (RfDs), EPA uses a default factor of 0. l to adjust an animal

dose to an equivalent human dose. Using the body size scaling method outlined above results
in an adjustment factor of about 0.07 when deriving an equivalent human dose from data for mice
(using the standard body weight of 0.03 kg for mice and 70 kg for humans) and a factor of about
0.17 when deriving an equivalent human dose from data on rats (standard body weight 0.35 kg).

The ideal data set to use in the calculation would be the actual average body weights of the
test animals used in the bioassay. When this information is not available, standard reference body
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weights for laboratory species can be used as indicated above (EPA, 1986). Body weight data
for wildlife species are available from several secondary sources [i.e., the Mammalian Species
series, published by the American Society of Mammalogists and Whitaker (1980) (see Appendix
Q. Often, only a range of adult body weight values is available for a species, in which case
an average value must be estimated. A time-weighted average body weight for the entire life
span of a species would be the most appropriate data set to use for chronic exposure situations;
however, such data are usually not available. Because body weights of a species can vary
geographically as well as by sex, population and/or sex-specific data may be appropriate for
assessments of some chemicals. Unless otherwise stated, weight data represent means for both
sexes and individuals from throughout the species geographic range.

If a NOAEL is available for the test species (NOAELJ, then the equivalent NOAEL for a
species of wildlife (NOAEL,,.) can be calculated by using the adjustment factor for differences in
body size:

NOAEL„ = NOAEL, x (bw,/bw,)" (4)

The dietary level or concentration in food (Cr, in mg/kg food) which would result in a dose
equivalent to the NOAEL (assuming no other exposure through other environmental media) can
be calculated from the food factor f, which is the amount of food consumed per unit body weight
per day:

NOAEL^
Cr = f (5)

For laboratory mice, rats, and dogs, j values are 0.13, 0.05, and 0.025, respectively
(EPA, 1980, 1985). Food factors for wildlife species are generally not available. In such case;,
the food factor for the most closely related laboratory or domestic species can be used, or it can
be derived from the rate of food consumption (F, in g/day or kg/day) and the body weight (bw,
in g or kg):

.f = hW (6)

Rates of food consumption (F) for laboratory mammals can be estimated from allometric
regression models derived from experimental data (EPA, 1987):

F = 0.054 (bw)°" (moist diet) (7)

F = 0.049 (bw)°'°" (dry diet) (8)

where F is the food consumed in kg/day, and bw is the body weight in kg.

Food consumption rates for wildlife can be estimated from allometric regression models
based on metabolic rate (Nagy, 1987):

F = 0.235 (bw)0Q' (placental mammals) (9)

F = 0.621 (bw)"'°' (rodents) (10)
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F = 0.577 (bw)°"' (herbivores) (11)

F = 0.492 (bw)°"' (marsupials) (12)

F = 0.648 (bw)°"" (birds) (13)

F = 0.398 (bw)°'" (passerin:+birds) (14)

where F is food consumed in g/day, and bw is the body weight in g.

The concentration of the contaminant in the drinking water of an animal (C,., in mg/L)
resulting in a dose equivalent to a NOAEL„ can be calculated from the daily water consumption
rate (W, in L/day) and the average body weight (bw,) for ;je species:

C. = NOAELX x bw, (15)
W

The rate of water consumption per unit body weight (W/bw) is termed the water factor w and
can be used in a manner identical to that for the food factor.

If a wildlife species (such as mink or otter) feeds primarily on aquatic organisms, and the
concentration of the contaminant in the food is proportional to the concentration in the water, then
the food consumption rate (F, in kg/day) and the aquatic life bioaccumulation factor [BAF, the
ratio (L/kg) of the concentration in tissue to its concentration in water, where both the organism
and its prey are exposed] can be used to derive a final C. value (EPA, 1993):

Cv = NOAEL,^x bw, (16)
W + (F x BAF)

Bioaccumulation factors may be predicted by multiplying the bioconcentration factor for the
contaminant [BCF, ratio of concentration in food to concentration in water, (mg/kg)/(mg/L) =
L/kg] by the appropriate food chain multiplying factor (FCM). For most inorganic compounds,
BCFs and BAFs are assumed to equal; however, an FCM may be applicable for some metals if
the organometallic form biomagnifies (EPA, 1993).

For laboratory mice, rats, and dogs, reference water consumption values are 0.0057, 0.049,
and 0.61 L/day, respectively (EPA, 1986). Water consumption values for wildlife species are
generally not available. In such cases, values for the most closely related laboratory or domestic
species may be used in the calculation, or the rate of water consumption can be estimated from
allometric regression models derived from experimental data for laboratory mammals
(EPA, 1987):

W = 0.090 (bw)'N" (mammals, moist diet) (17)

W = 0.093 (bw)°"" (mammals, dry diet) (18)

where W is the water consumed in L/day, and bw is the body weight in kg.
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The rate of water consumption can be estimated form allometric regression models derived
from experimental data for mammalian wildlife :

W = 0.099 (bw)°'° (19)

where W is the water consumed in L/day, and bw is the body weight in kg (Calder and
Braun, 1983). A similar model has also been developed for birds (Calder and Braun, 1983):

W = 0.059 (bw)°" (20)

In cases where a NOAEL for a specific chemical is not available for either wildlife or
laboratory species, but a LOAEL has been determined experimentally, the NOAEL can be
estimated by applying an uncertainty factor (UF) to the LOAEL. In the EPA methodology, the
LOAEL can be reduced by a factor of up to 10 to derive the NOAEL.

LOAELNOAEL = ---
510

(21)

Although a factor of 10 is usually used in the calculation, the true NOAEL may be only
slightly lower than the experimental LOAEL, particularly if the observed effect is of low severity.
A thorough analysis of the available data for the dose-response function tnay reveal whether a
LOAEL to NOAEL uncertainty factor of < 10 should be used.

If the only available data consist of a NOAEL (or a LOAEL) for a subchronic exposure of
several weeks to several months or more, then the equivalent NOAEL or LOAEL for a chronic
exposure can be estimated by applying another UF to the data. In the EPA methodology, a factor
of up to 10 can be used:

subchronic N_OAEL
chronic NOAEL = -----10 -------

(22)
5

As in the case of the LOAEL to NOAEL adjustment, a factor of 10 is usually used in the
calculation; however, other evidence, such as that for a related compound using the same toxicity
endpoint, may suggest that an adjustment factor of < 10 is more appropriate. No data were
found for any of the contaminants considered thereby suggesting the use of a LOAEL-NOAEL
adjustment factor of < 10.

If the available data are limited to acute toxicity endpoints (FEL, frank-effects level) or to
exposure levels associated with lethal effects (LD50s), the estimation of NOAELs for chronic
exposures are likely to have a wide margin of error because no standardized mathematical exists
correlation between FEL or LD,, dose levels and NOAELs which can routinely be applied to all
chemicals (exposure levels associated with NOAELs may range from 1/10 to 1/10,000 of the
acutely toxic dose, depending on the chemical and species). However, if sufficient data exist for
a related chemical a (i.e., if both an LDb and a NOAEL have been determined), then this ratio
should be used to estimate a NOAEL„ from the (LD,°),,, for the compound of interest.
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NOAEL,,, _ (LD30),,,
NOAEL$

(23)
(LDw).

4. APPLICATION OF THE METHODOLOGY

Two examples will be given illustrating the application of the extrapolation methodology for
dezi1/ing NOAELs and.environmental criteria for food and water. In one example (inorganic
trivalent arsenic), the estimated values were derived primarily from data on laboratory species.
In the second example [Aroclor 1254, a polychlorinated biphenyl (PCB) formulation],
experimental data were available for two species of wildlife.

4.1 INORGANIC TRIVALENT ARSENIC

The toxicity of inorganic compounds containing arsenic depends on the valence or oxidation
state of the arsenic as well as on the physical and chemical properties of the compound in which
it occurs. Trivalent (As") compounds such as arsenic trioxide (As.003), arsenic trisulfide (As2S3),
and sodium arsenite (NaAsO2, are generally more toxic than pentavalent (As") compounds such
as arsenic pentoxide (As2O3), sodium arsenate (Na=HAsO,), and calcium arsenate [Ca3(AsO4)J.
The relative toxicity of the trivalent and pentavalent forms may also be affected by factors such
as water solubility; the more toxic compounds are generally more water soluble. In this analysis,
the effects of the trivalent form of arsenic in water soluble inorganic compounds will be
evaluated. In many cases, only total arsenic concentrations are reported so the assessor must
conservatively assume that it is all trivalent.

4.1.1 Toxicity to Wildlife

The only wildlife toxicity information available for trivalent inorganic arsenic compounds
pertains to acute exposures (Table 1; the data points I6ted are those reported in the literature).

Table 1. Toxicity or trivalent arsenic compounds to wildlife

Conc. in Diet Dose
Species Chemical (mR/ka food) ( mg/ka) Effect Reference

Whitetail decr sodium NR 34 Lethal dose NAS. 1977
(Qdnroftnu Nrainlannr) arscnite

Mallard duck sodium NR 323 LDx NAS. 1977
(Anarptary.hync/w) arsenite ( singledoae)

sodium 500 NR 32-day LDm NAS, 1977
arsenite

California quail sodium NR 47.6 LDys Hudsor. et al.,
fCattlpepla m!lJnmlm) arsenite 1984

Ring-necked pheasant sodium NR 386 LD,,e Hudson ct al.,
(Phad.nar edcNnu) arsenite (single doae) 1984

' Sawce of data and refcmrca; Eldcr, 1999 .

NR. Not rcponrd.



For whitetail deer, the estimated lethal dose is 34 mg sodium arsenite/kg or 19.5 mg As/kg
(NAS, 1977). For birds, estimated LD,a values for sodium arsenite range from 47.6 to
386 mg/kg body weight. Median lethality was also reported at a dietary level of 500 mg/kg food
for mallard ducks. No information was found regarding chronic toxicity or reproductive or
developmental effects. No chronic NOAELs or LOAELs are available; therefore, data on
domestic or laboratory species must be used to identify NOAELs for wildlife.

4.1.2 Toxicity to Domestic Animals

Summary of toxicity of inorganic trivalent arsenic to domestic animals is summarized in
Table 2 (data listed as given in the literature sources). For assessment purposes, the most useful
study is the one identifying a NOAEL of 1.25 mg As/kg/day in dogs following a chronic (2 year)
dietary exposure to sodium arsenite.

Table 2. Toxicity of trivalent arsenic compounds to domestic animals` ]

Conc. in Diet'
Species Chemical or Water` Dose' Effect Reference

MAMMALS:

Cattle arsenic trioxide NR 33-55 mg/kg toxic Robertson
(single dose) et al., 1984

sodium arsenite NR 1-4 g/animal lethal NRCC, 1978

Sheep sodium arsenite NR 5-12 mg/kg acutely toxic NRCC, 1978
(single dose)

"total arsenic' 58 mg As/kg food NR no adverse Woolson, 1975
(3 wk) effects

Horse sodium arsenite NR 2-6 mg/kg/day lethal NRCC, 1978
(14 wk)

Pig sodium arsenite 500 mg As/L 100-200 mg/kg lethal NAS, 1977

Cat arsenite NR 1.5 mg/kg/day chronic toxic Pershagen and
effects Vahter, 1979

Dog sodium arsenite NR 50-150 lethal NRC, 1978
mg/animal

sodium arsenite 125 mg As/kg 3.1 mg reduced Byron et al.,
food (2 year) As/kg/day survival 1967

sodium arsenite 50 mg As/kg food L25 mg NOAEL Byron et al.,
(2 year) As/kg/day 1967

sodium arsenite NR 4 mg/kg/day LOAEL; Neiger and
(58 days) liver enzyme Osweiler, 1989
+ 8 mgIkg changes
(125 days)

Mammals arsenic trioxide NR 3-250 mg/kg lethal NAS, 1977

Mammals sodium arsenite NR 1-25 mg/kg lethal NAS, 1977
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Table 2. Toxicity of trivalent arsenic compounds to domestic animaIsr

Conc. in Dieta
Species Chemical or Water' Dosed Effect Reference

BIRDS:

Chicken arsenite NR 0.01-1.0 µQ 534% dead NRCC, 1978
(Dafuua As/embryo

gau,.r)

arsenite NR 0.03-0.3 µg threshold for NRCC, 1978
As/embryo malformation

B

• Sowna of dala aed rtfe.: USAR 1990; 6'kr. 1929. NR Na npend.

• DieYry kvsl given u ni/ka food.

• Coeorntnliue in "1er aiven as ma/L
e Dore nfen to eempamd ,mler od6rmye rnted.

4.1.3 Toxicity to Laboratory Animals (Rodents)

Selected acute and chronic toxicity data for trivalent arsenic in rats and mice are summarized
in Table 3 (dietary or drinking water concentrations were converted to daily dose levels as
discussed earlier or from more specific information given in the original source). For
environmental assessment purposes, the most useful toxicity values reported are the NOAELs of
0.7 and 2.44 mg As/kg/day reported for rats and the LOAEL of 0.38 mg As/kg/day for
reproductive effects (decreased litter size) in mice exposed for three generations. The reported
value of 4.88 mg As/kg can also be considered a NOAEL for population effects in rats, since the
only observed adverse effect was a slight reduction in growth of females.

11 Table 3. Toxicity of trivalent arsenic compounds to laboratory animals 1

Cone. in Diet• Dose i
Species Chemica l or Water' (mg Ac/kg) Effect Reference

Rat I arsenic trioxidc I NR

sodium arsenite

sodium arsenitc

sodium arsenite

sodium arsenile

Mouse arsenic trioxide

sodium arsenite

15.1 (1 dose) I LD,

125 mg As/kg food 9.75
(2 year)

62.5 mg As/kg food ^ 4.88
(2 year)

31.25 mg As/kg
food (2 year)

2.44

5 mg As/L
(lifetime)

NR

NR

0.7

0.4 (I do s e)

a. 23 (1 dose)

b. 11.5 (1 dose)

FEL, bile duct
enlargement

reduced growth in
females; no effect on
survival

NOAEL

NOAEL

LD,

a. Fetal mortality
b. NOAEL

Harrison et al., 1958

Byron ct al., 1967

Byron el al., 1967

Byron ct al., 1967

Schroeder ct al.,
1968

Harrison ct al., 1958

Baxlcy ct al., 1981
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Table 3. Toxicity of trivalent arsenic compounds to laboratory animals

Conc. in Diet' Dose
Species Chemical or Water' (mg As/Itg) Effect Reference

arsenic trioxide 75.8 mg As/L 21.6 LOAEL; mild Baroni et al., 1963

(lifetime) hyperkeratosis/epi-
dertnal hyperptasia

solublc arsenite 5 mg As//L + 0.38' LOAEL; incr. in Schroeder and
0.06 mg As/kg food 0.954 male to fcmale ratio; Mitchener, 1971
(3 generatione) deer. in litter size

sodium arsenite 5 mg As/L + 0.38' LOAEL; slight decr. Schroedcr and

0.46 mg As/kg food in median life span; Balassa, 1967
(lifetimc) no effect on growth

sodium arsenite 0.5 mg As/1, 0.10 LOAEL; Blakcly ct al., 1980
(3 weeks) immunosuppressive

effects
-

01elary level m m'/ta IuuG.

b Caeeealn6m in water aiven as ma/f..

' Am eNnna" by Schroeder and Balaua, 1967.

' As ntimatcd fram the enncemntim in wner, a wskr em.umptim of 0.0057 Uday, and s nandud refcrace body weight of 0.03
(Pquniuns iS).

4.1.4 Extrapolations to Wildlife Species

Extrapolated toxicity values for trivalent arsenic for representative wildlife species are shown
in Table 4 based on selected data from Tables 2 and 3. The values for the concentration in food
(Cf) represent maximum acceptable concentrations assuming no additional exposure through water
consumption. Similarly, the concentration in water (Cw) is the maximum acceptable concentration
assuming no additional exposure through dietary intake. If dietary and water intake contributed
equally to the exposure, and absorption rates through the OI tract were similar, then the
equivalent dietary level and water concentration would be one-half of the listed values.
Exposures through inhalation or direct dermal contact are not taken into consideration in these
calculations. If these other exposure routes are significant, then the maximum acceptable CI and
C. must be adjusted accordingly.

The NOAEL value listed for the white-footed mouse is derived from the experimental
LOAEL for laboratory mice. Two values are given for the LOAEL: 0.95 mg/kg is based on
the standard EPA water consumption rate for mice (0.0057 L/day), and 0.38 mg/kg is the dose
estimate based on a water intake of 6 mL/100 g bw which was calculated by Schroeder and
Balassa (1967) in a related study using the same exposure protocol. A range of values is given
for the NOAEL for laboratory mice because there is the uncertainty as to whether the true
NOAEL is only slightly below the experimental LOAEL or as much as 1/10 of the lowest
reported LOAEL (the EPA default value as given in Equation 21). The NOAEL for the white-
footed mouse is derived from Equation 4 which adjusts the values for differences in body size.
Because the body weights of the two species are similar, the range in the NOAELs is almost
identical.

Also using Equation 4, the NOAEL for the cotton rat is derived from the NOAEL for the
laboratory rat, and that for the red fox from the NOAEL for the dog. All four values are greater
than the NOAEL for the laboratory mouse whereas the body size differences alone would suggest
that the mice should have the higher NOAEL. There can be several explanations for these
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differences. Mice may be unusually sensitive to trivalent arsenic; however, the LD,p data for rats
and mice do not support this conclusion. The mouse data were derived from a three-generation
bioassay in which reproductive effects (reduced litter size) were identified. Conversely, the rat
study consisted of a lifetime exposure, while the dog study was for only 2 years; reproductive
effects were not evaluated for rats or dogs. Therefore, it is possible that reproductive effects
similar to those seen in mice might occur in rats and dogs at or below the listed NOAELs if
multigeneration studies were conducted.

The calculations given in Table 4 for the NOAEL for whitetail deer illustrate the problems
that can arise if data for different species are used in the extrapolation procedure. The estimated
NOAELS (from Equation 4) for whitetail deer are 20.003<0.008 mg/kg as derived from the
range of estimated mouse NOAELS, 0.81 mg/kg as derived from the rat data, and 0.74 mg/kg
as derived from the dog data. These values convert to dietary levels of z0.10<0.26 mg/kg
food, 27.9 mg/kg food and 25.5 mg/kg food, respectively. A dietary NOAEL of 5.8 mg/kg food
(total arsenic) for sheep (derived from a NOAEL of 58 mg/kg food for a 3-week exposure by
using Equation 23) suggests that the NOAEL for whitetail deer for nonreproductive effects is
likely to be close to the values extrapolated from the rat or dog studies. However, the most
conservative estimate, based on potential reproductive effects, would be the lowest value
extrapolated from the mouse data (0.003 mg/kg/day).

4.2 POLYCHLORINATED BIPHENYLS

Polychlorinated biphenyls occur in a variety of different formulations consisting of mixtures
individual compounds. The most well-known of these formulations is the Aroclor series (i.e.,

Aroclor 1016, Aroclor 1242, Aroclor 1248, Aroclor 1254, etc.). The Aroclor formulations vary
in the percent chlorine, and, generally, the higher the chlorine content the greater the toxicity.
This analysis will focus on Aroclor 1254 for which chronic toxicity data are available for two
species of wildlife.

4.2.1 Toxicity to Wildlife

Wildlife toxicity test data for Aroclor 1254 is limited to two species-white-footed mice and
mink (Table 5). In both species the reproductive system and developing embryos are adversely
affected by both acute and chronic exposures. A dietary LOAEL of 10 mg/kg food
( 1.7 mg/kg/day) was reported for white-footed mice, and a dietary NOAEL of 1 mg/kg food
(0.07 mg/kg) was reported for mink.

4.2.2 Toxicity to Domestic AnimaLs

No information is available on the toxicity of Aroclor 1254 to domestic animals.

4.2.3 Toxicity to Laboratory Animals

As shown in Table 6, laboratory studies have identified a dietary NOAEL of < 5 mg/kg
food (<0.25 mg/kg/day) for rats exposed to Aroclor 1254 over two generations. Reported
LOAELs are 4-10 times higher than the NOAEL, and the single-dose LD50 is about 4000-fold
higher than the NOAEL. As shown by the dose levels that produce fetotoxicity during gestation,
rabbits appear to be less sensitive than rats.



Table 4. Setected wildlife toxicity values for trivalrnt Gnn.es..t^ -a

Pe^ies
8W
(kg)

Food
factor

Water
Intake
(L/da7)

LOAEL
(mg As/Icg)

- -----^-- - ___ _^^

NOAEL (as As)

LD,w NOAEL
(mgltg) mg/Icg Diet" mg/L Water" (mg As/ke LDA

Mowe. ^I

White-footed mouse

0.030

0.02

0.13

0.171"^

0.0057

6 mU100 g

0.003""

3 a 95".' 20.0950O

20.038°°

<0.109•(p

20.043 (4)

<0.64
20.25

<0.02
>0.001

<0.73
20.29

RifUO 0.35 0.05 0.0491 2 4^"',`?. , 89.6 32.0 0.30
Cotton rat 0.15 0.070"^

7

0.018'^ 5.94r^^ 84.9 49.5

...__..__....

04

H

0.025 50.0 26.0

Red fox 6O 0.050e^ 0.50'^ 1.60rt^ 32.0 19.2

Sheep
5.8Q°

Whitctail deer

60 0.02901^' 3.9"" <0.008'
20.003'")

<0.26
20.10

<0.11
20.05

60 0.029"'"' 3.91" 0.811(o 27.9 12.5

60 0.029"'- 3.9"" 0.743") 25.5 11.42

: Nm°ben in pnentMses rcfer to equ.tian m 4er med to derive the v.Fw. • E#np°y4d from data for 6bontory mice.
S6.ded vahw are epsrimeat.llyderived. ' ExtnpoWed from data for 6bonbry nt.

' Bued on EPA wer conwmpti°n n1e for mwe. r Eztr.p°Wed from d.f. for da•' Be" on data tiveo in Sc6roadcr.od BeLu. 1967.

12
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Table 5. Toxicity of Aroclor 1254 to wildlife

CondatMiw In Dtat De6y U.w Papaa
8peeis (me/k6) Perlad PHeet Referens

MAMI1fA1St

White-fuoeed mouse 400 m{/k8 feod' 68 2•5 wk FFI. rtprod. Senden and Kirkpetrick,

1975

200 me/k8 food 34 60 d WAEI. Menon and Kirkpetrick,

repmducdon 1976

10 mg/kg food' 1.7 18 mo fAAF]., LLary, 1987
teprodoction

Mink 6.5 me/k8 Gvd 1.23 9 mn LC' Ringer et el., 1951:
A7SDR, 1989e

2 me/ke foud 0.38` 9 mo FII/IAAE4 Aulerich and Rineer.
O.iP fddoxicity 1977

1 mglkg food 0.07' ! mo NOAEL Aukrich and Ringer.
1977

' BeL+1 6w 6p+tl. e fine l^ d Q 17 bri.y 6ae 6pds 10 W e be/ rl/e d 603 4.
Il.pr! y AtEDII (19Nll t.r1 an tad irb of 1f0 e/by r/ r Od/ sillN d Qf 1,
BOiwrM 6v 6*sse J. 4 ead A w r te1, wxLL d to 41r npM N Yrniw r S. 190.

Table 6. Toxicity of Aroclor 1254 to laboratory animals

CoocstrYion in DeOy D0s P+pesn
Rpeeke Diet (m8/ke) Perlod F1fe4 Refersee

MAMMAL41

iht 1010 1 day IDy OeMoRel d., 1981

50 mglkg fond 2.5 Du.inf 8nntiun LOAF1. for fetoloticiry Collim and Cepen, 1980

25 mglkg food 1.25 104 week IAAE4 reduccd eurvivJ NCI, 1978;
A7SDR, 1989e

> 20 mglkg food > 1.0 2 8enentios FYLLAAEt., reduced huer
dze

linder a d., 1974

<5 mglkg food <0.25 2 eenentimr NOAEL linder et d.. 1974

Rabbit 10.0 During estetlon
(28 deye)

NOAII, for kmxiciry Villeneuve et el., 1971

12.5 During Rwtion
(28 drye)

FEI, fetal dn0u Villcneuve et el., 1971

4.2.4 Extrapolations to Wildlife Species

Experimentally derived and extrapolated toxicity values for Aroclor 1254 for representative
wildlife species are shown in Table 7. Of the experimentally derived data, the lowest NOAEL
is that obtained from the mink (0.07 mg/kg). Because reproductive changes can adversely affect
natural population dynamics, the 9-month exposure can be considered to be equivalent to a
chronic condition, and no subchronic to chronic adjustment is needed in the data (as from
Equation 22). A body weight of 0.8 kg is used in the calculation because this is the time-
weighted average body weight for females from birth to 10 months of age, the time at which they
reach reproductive maturity (EPA, 1987).
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The NOAELs shown in Table 7 illustrate how extrapolated values can vary depending on
which set of experimental data is used. The NOAELs for mink that were derived from the data
for the white-footed mouse and laboratory rat are 0.05 mg/kg and 0.19 mg/kg, respectively,
whereas the NOAEL from the experimental mink data is 0.07 mg/kg indicating that the mouse
data provide a better estimate of the toxicity of Aroclor 1254 to mink.

The extrapolated NOAELs for the cotton rat and whitetail deer show that there is a three-
to four-fold difference between the values derived from the mouse data and those derived from
the laboratory rat, whereas the values derived from the mink and mouse data are quite similar.
The most conservative benchmark value for Aroclor 1254 would be the NOAEL for whitetail
deer (0.012 mg/kg) extrapolated from the data for the white-footed mouse; however, the NOAEL
derived from the mink data (0,017 mg/kg) is more reliable since the mink value was based on
an experimentally derived NOAEL whereas the white-footed mouse value was based on an
experimentally derived LOAEL.

For piscivorous species such as mink, a final water quality criterion for Aroclor 1254 can
be derived from Equation 16. Bioconcentration factors (BCF) for Aroclor 1254 range from
34,000 to 47,000 for trout and from 34,000 to 307,000 for fathead minnow (Verschueren, 1983).
The octanol-water partition coefficient pog Pj ranges from 5.6-8.0 (USAF,1989). To be
conservative, the diet of mink is assumed to consist entirely of small fish (trophic level 3,
Table 8); therefore, the FCM for Arochlor 1254 ranges from I to 7.5. [A minimum FCM of I
is assumed where log P. = 8.0. FCMs for values of log P. > 6.5 are undefined; the U.S. EPA
(1993) suggests the FCM = 1.0 be used in the absence of appropriate data.]

For a NOAEL of 0.07 mg/kg and a minimum BAF of 34,000 (BCF =34,000; FCM=1), the
final water quality criterion for mink would be 0.028 µg/L for animals having an average body
weight of 0.8 kg (F=0.057 kg/day; W=0.08 L/day) and 0.032 µg/L for the animals of average
body weight of 1.5 kg (F=0.096 kg/day; W=0.14 L/day). For a maximum BAF of 2,302,500
(BCF=307,000; FCM=7.5), the final criterion would be 427 pg/L for 0.8 kg animals and 475
pg/L for the larger mink.

5. SITE-SPECIFIC APPLICATION OF THE METHODOLOGY

The examples given earlier in this report for trivalent inorganic arsenic and Aroclor 1254
illustrate the extent of the analysis that is required for an understanding of the toxicity of
environmental contaminants to wildlife and for the development of benchmark values for
mammals. For a complete risk assessment at a particular site similar analyses would be needed
for all the chemicals present, as well as information on their physical and chemical state, their
concentration in various environmental media, and their bioavailability. The last factor is
especially important in estimating environmental impacts. For example, insoluble substances
tightly bound to soil particles are unlikely to be taken up by organisms even if ingested. In
addition, the chemical or valence state of a contaminant may alter its toxicity such that the
different chemical or valence states may have to be treated separately as in the case of trivalent
arsenic. Similar problems can be encountered with formulations consisting of mixtures of
compounds such as the Aroclors, and each may have to be evaluated separately, unless the
relative potency of each of the components can be determined.

For a site-specific assessment, information on the types of wildlife species present, their
average body size, and food and water consumption rates would also be needed for calculating
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Table 7. Selected wildlife toxicity values for Aroc)or 1254' `

Species bw
(kg)

Food
factor

Water
(Uday)

LOAEL
(mBn6/d)

Benchmarb LD,,

(m6n6)

NOAEU

LDw

NOAEL

(mE1kt:/d)

Diet^ Water"
(mg/kg food) (ms/L)

EXPERIMENTALLY DERIVED VALUES:

White-footed mouse 0.02 O.IT"•' 0.003'^ 0.170" 1.0'" 1.1

Rat (lab) 0.35 0.05 0.049 0.25 5^0... . 1.8 S';OlOz._...._..._.: 0.0002

Mink 0.80 0.070-" 0.08I'^ 0.07" 0.69' 0.06

EXTRAPOLATED VALUES:

Mink` 0.80 0.070-" 0.081'" 0.05'• 0.71° 0.491"

Mink' 0.80 0.071-' 0.0811^ 0.19"' 2.71° 1.8800

Cotton rat` 0.15 0.07"•' 0.0181" 0.09" 1.24"' 0.75"*

Cotton rat' 0.15 0.07"-0 0.0181^ 0.33" 4.70"' 2.75°f

Cotton rar 0.15 0.07'"-' 0.018'" 0.12'" 1.75° 1.00"

Whitctail dccf 60 0.029"L• 3.9^ 20.012" 0.41° 0.1810

Whitetail deer 60 0.029"00 3.910 0.045" 1.550 0.69""

Whitetail deef 60 0.029"`• 3.9^ 0.017" 0.590 0.261"

' Numbtts in p°rtnW^, mttt to ecpmtinoa I. tx6 • 9azd m the hbmamry nl NOAF.L of 0.25 vV/ka.

ShWded v°hrzs an eaperincitilly derived. ' Bassd on the mmk NOAEL of 0.07 mj/kr.

• Bned on the white-foaed maus NOAFl of 0.17 nK/ks. ' See teA.a cakuhtiae of FmJ Criterian vaWe.

15
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Table S. Aquatic food chain multiplying facto&

Log P. Prey Trophic t.eveP

2 3 4

53.9 1.0 1.0 1.

4.0 1.1 1.0 1.

4.1 1.1 1.1 1.

4.2 1.1 1.1 1.

4.3 1.1 1.1 1.

4.4 1.2 1.1 1.

4.5 1.2 1.2 1.

4.6 1.2 1.3 1.

4.7 1.3 1.4 1.

4.8 1.4 1.5 1.

4.9 1.5 1.8 2.

5.0 1.6 2.1 2.

5.1 1.7 2.5 3.

5.2 1.9 3.0 4.

5.3 2.2 3.7 5.

5.4 2.4 4.6 8.

5.5 2.8 5.9 11.

5.6 3.3 7.5 16.

5.7 3.9 9.8 23.

5.8 4.6 13.0 33.

5.9 5.6 17.0 47.

6.0 6.8 21.0 67.

6.1 8.2 25.0 75.

6.2 10.0 29.0 84.

6.3 13.0 34.0 92.

6.4 15.0 39.0 98.

6.5 19.0 45.0 100.

>6.5 M (`) (9 ^

' nyu ^t.a: ^
. .^^.

3 . ...u rwn 4 - P.e.w+ r.w . ^.W a wwa.
F. d.PimW .u q P^>as Fcin o, ^.^y iA. o.i•im. AN tlemoY Nald b wWb1 iM.+lRpF. WAnP dewid^ Ar. an FCT1 d 1.0 .bIJ b W IEPA im
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NOAELs and environmental criteria. Use of observed values for food and water consumption
(if available) are recommended over rates estimated by allometric equations. A list of avian and
mammalian species for the DOE Oak Ridge site is given in Appendix C. Since body size of
some species can vary geographically, the more specific the data are to the local population the
more reliable will be the estimates. Data on body size is especially important in the extrapolation
procedure, particularly if calculations of the NOAEL and environmental concentrations are based
solely on the adjustment factor as shown in Equation 4. In such cases the lowest NOAEL will
be derived from the species with the largest body size.

Information on physiological, behavioral, or ecological characteristics of these species can
also be of special importance in determining if certain species are particularly sensitive to a
particular chemical or groups of chemicals. If one species occurring at a site is known to be
unusually sensitive to a particular contaminant, then the criteria should be based on data for that
species (with exceptions noted in the following paragraphs). Similarly, extrapolations from
studies on laboratory animals should be based on the most sensitive species unless there is
evidence that this species is unusually s=:.sitive to the chemical (e.g., laboratory mice exposed
to trivalent inorganic arsenic (Table 41).

Physiological and biochemical data may be important in determining the mechanism whereby
a species' sensitivity to a chemical may be enhanced or diminished. Such information would aid
in determining whether data for that species would be appropriate for developing criteria for other
species. For example, if the toxic effects of a chemical are related to the induction of a specific
enzyme system, as is the case with PCBs, then it would be valuable to know whether
physiological factors (enzyme activity levels per unit mass of tissue or rates of synthesis of the
hormones affected by the induced enzymes) in the most sensitive species are significantly
different from those of other species of wildlife. Furthermore, if the most sensitive species, or
closely related species, do not occur at a particular site, then a less stringent criteria might be
acceptable.

Physiological data may also reveal how rates of absorption and bioavailability vary with
exposure routes and/or exposure conditions. Gastrointestinal absorption may be substantially
different depending on whether the chemical is ingested in the diet or in drinking water. Thus,
a NOAEL based on a laboratory drinking water study may be inappropriate to use in
extrapolating to natural populations that would only be exposed to the same chemical in their diet.
The diet itself may affect gastrointestinal absorption rates. In the case of the mink exposed to
PCBs, their diet consists primarily of contaminated fish in which the PCBs are likely to be
concentrated in fatty tissues. This may result in a different rate of gastrointestinal absorption than
that occurring in laboratory rodents dosed with PCBs in dry chow.

Behavioral and ecological data might also explain differences in sensitivity between species.
Certain species of wildlife may be more sensitive because of higher levels of environmental stress
to which they are subjected. This may be especially true of populations occurring at the periphery
edges of their normal geographic range. Conversely, laboratory animals maintained under stable
environmental conditions of low stress may have higher levels of resistance to toxic chemicals.

As a first step in developing wildlife criteria for chemicals of concern at DOE sites, relevant
toxicity data for wildlife and laboratory animals have been compiled (Appendixes A and B).
These data consist primarily of NOAELs, LOAELs, and LD,os for mammalian species. No
methodology is currently available for extrapolating from mammalian studies to nonmammalian
terrestrial vertebrates (i.e., birds, reptiles, and amphibians), and no attempt has been made to do
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so in this report. The limited experimental data on birds pertain largely to acute toxicity;
however, a few subchronic and chronic studies have been reported and these are cited where
appropriate. No pertinent data on non-pesticide chemicals were found for amphibians, reptiles,
or terrestrial invertebrates. Additional chronic exposure studies are needed before toxicological
benchmarks can be developed for these groups.

The ideal data to use for evaluating chronic exposures is the time-weighted average ("I'WA)
body weight for the entire life span of the species. While rarely available for wildlife, the TWA
body weight for mink through age 450 days was calculated to be about 1.35 kg (EPA, 1987).
The TWA body weight for the entire life span was estimated to be about 1.5 kg, only slightly less
than average adult size of about 1.6 kg. Very approximate estimates of average body weights
for the other species were based on the available data (Table 9). These values were then used
to calculate body surface area scaling factors from Equation 4 (Table 9) and also to derive food
factors from Equations 6 and 9-11 and water consumption values from Equation 19 (Table 10).

For piscivorous species (mink, belted kingfisher, great blue heron) that may be exposed to
contaminants through both diet and water, a final water criterion was calculated by using the
aquatic life BAF as given in Equation 16. BAFs were estimated by multiplying the aquatic life
bioconcentration factor (BCF) for the contaminant by the food chain multiplier (Table 8)
appropriate for the wildlife species of concern (EPA, 1993). In cases where the BCF for a
particular compound was not available, it was estimated from the octanol-water partition
coefficient of the compound by the following relationship (Lyman et al.. 1980):

log BCF = 0.76 log P. - 0.23 (24)

The BCF can also be estimated from the water solubility of a compound by the following
regression equation (Lyman et al., 1982):

log BCF = 2.791 - 0.564 log WS

where WS is the water solubility in mg/kg water.

(25)

Pertinent log P values, water solubility data, and reported or calculated BCF values for the
chemicals on the preliminary DOE list are included on Table ll. The BCF values listed
represent the ranges determined by the various methods as well as any experimental values
reported in the literature. Ideally, the BCF values used should be those for the primary prey
species; however, because this information is rarely available, the ranges provide upper and lower
bounds to the estimate.

The results of the analyses are presented in Tables 12 (mammals) and 13 (birds). Because
of the consistency of the body w'ght differences for the selected mammalian wildlife species,
the calculated NOAELs exhibit a,jout a 15-fold range between the species of smallest body size
(short-tailed shrew) and that of the largest body size (whitetail deer). In terms of dietary intake,
the range in values is much less (2-3 fold) thereby indicating that equivalent dietary levels of a
chemical result in nearly equivalent doses between species because food intake is a function of
metabolic rate which, in turn, is a function of body size (EPA, 1980). However, according to
EPA, the correlation is not exact because food intake also varies with moisture and caloric
content of the food, and it should be noted that in laboratory feeding experiments, the test animals
are usually dosed with the chemical in a dry chow. Therefore, it would be expected that the food
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factor for a species of wildlit'e would be relatively higher than that of a related laboratory species
of comparable body size.

Few long-term, multigeneration studies on wildlife or laboratory animals have been
conducted on chemicals of concern to the DOE. Consequently, the extrapolated NOAELs listed
in Tables 12 and 13 cannot be considered as absolute safe levels, particularly in terms of potential
population effects since subtle reproductive changes may occur at or below levels producing overt
toxicological signs. Although more in-depth analyses of the toxicity of each chemical, as given
in preceding paragraphs for trivalent arsenic and Aroclor 1254, might provide some indication
as to whether such effects might occur, only multigeneration studies would provide conclusive
results.

O
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Table 9. Body size scalinp factors

6xprrlmroW ArJmJx W11,4119

aP.ct.
Body Wr18hP (bw„

In 1g) sp.t.
aod^ wJaW rorr. 8cdlne frctor

row,ro.,Y°

M 0.55 rhon-uiled d,mw 0.015 2.828

M 0.35 wbito-foaed mourn 0.02 2.596

rat 0.35 cottontail rabbit 1.0 0.705

rat 0.33 mink 1.5 0.616

M 0.35 red rox 6.0 0.788

M 0.75 whilaail dar 60.0 0.180

aumre 0.03 rhon-ullad r6tew 0.015 1.26

naurn 0.03 Mtilbfootcd mouse 0.02 1.14

wourn 0.03 cotlontail rabbil 1.0 0.311

moore 0.03 mink 1.5 0.271

nwu.n 0.03 red faa 6.0 0.171

mouw 0.03 vhitetaildeer 60 0.079

dog 12.7 rhorblailed shrew 0.015 9.439

dog 12.7 whito-foarl mourn 0.02 8.595

dog 12.7 cottontail rabbit 1.0 2.333

dog 12.7 mink 1.5 2.038

dog 12.7 red fox 6.0 1:84

do8 12.7 nvhitaaildoer 60.0 0.596

rabbit 3.8 short-tailed shrew 0.015 6.32

rthbit 3.8 whilafooted moua 0.02 5.75

rabbit 3.8 cottontail rabbit 1.0 1.56

rabbit 3.8 mink 1.5 1.36

rabbit 7.8 red fox 6.0 0.859

nbblt 3.8 whitetxildeer 60.0 0.399

human 70 rhon-uiled shrew 0.01 16.664

humn 70 whilo-foolul mouse 0.02 15.183

human 70 cottontail rabbit 1.0 4.121

human 70 mink 1.5 3.600

humrn 70 red fox 6.0 2.26R

hunun 70 whitetail deer 60 1.053

^

0

0

' tuNUd whlwo erlrr uwd by EPA.
' 66n.W from data In Alqwdir C.I.
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Table 10. Extrapolation factorg'

Species
bw
(4t)

Food Intake
(hg/dty)

Food factor
(J)

Water Intake
(Lfday)ow

Water factor
(v)

rat 0.35" 0.027 0.0506 0.040 0.14

mouse 0.031 0.004 0.13a 0.0057a 0.19

rabbit 3.8" 0.186 0.0491 0.411 0.108

dog 12.7b 0.317 0.025" 0,61, 0.048

ahort-hlled ahrew 0.013e 0.002 0.19 0,002 0.15

white-footed mouse 0.02e 0.003 0.170." 0.0031^ 0.15

cottontail rabbit 1.0e 0.069 0.069"'-" 0.099'"' 0.099

mink 1.5' 0.096 0.064••" 0.143" 0.095

red fox 6.0' 0.300 0.0500•" 0.497^ 0.083

whitetail deer 60' 1.717 0.0286"1•0 3.941^ 0.066

Numben in pumtherea nfer to eq,uea"a in tnG
EPA mndud tcfcm,tt valun.

• Averqe adua body wcithtU ealfmuted fran d.U aMm In Appendix C.I.
• 7Le vner factor is the wncr InWe dividcd by the body wci{ht,

10

Table 11. Octanol-water partition coefficients,
water solubility data and bioconcenlretion factors

Chemieal log P
Water

SolubiBty
(mg/L)

BCF References

Acetone -0,24 in6nito 0.39-0.99 USAF, 1989

Bcnzene 1.56-2.28 1,780 6.5-23 USAF, 1989;
Versehucren, 1993

Bcnzoialpyrcne 6.06 3.8 x 1D' 23,746' Mabcy et al. 1982

Carbon tclnchloridc 0.35-2.83 800 2-83 USAF, 1989

Chlordane 5.48 0.056 14100 USAF, 1989

Chloroform 1.97 822 15-19 USAF, 1989

Cyanide 066 miscible 2-72 USAF, 1989

DDT 6,36 0.0031-0.0054 38,000-110,000 USAF, 1989

Di-N-butylphthalate 4,57 4500 8.9-1800 USAF, 1989

l,1-Dichloroethylenc 2.13 400 6-24 USAF, 1989

1,2-Dichloroethylenc 1.86 3,500 4.5-15 USAF, 1989
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Table 11. Octanol-water partition coefficients,
water solubility data and bioconcentration factors

Chemical lot{ P
Water

SolubiBq
(mRIL)

BCF References

Di-2<thylhczylphthalate 3.98; 5.11 4 330-6200 USAF, 1989

Ethyl acetate 79,000-86,000 1.0-1.1 Venchuercn, 1983

Fuel Oil No. 2 3.30-7.06 5 249 USAF, 1989

Fuel Oil No. 6 3.30-7.06 5 249 USAF, 1989

Methanol -0.82; -0.66 0.14-0.58 Vcnchucren, 1983

Methylene chloride 1.25 13,200 5-80 USAF, 1989

MetAyl ethyl kdone 0.29 353,000 0.1-2 USAF, 1989

4-Methyl-2-pentanone

(Methyl isobutyl kdone)
17,000-19,100 2.4-2.5 Vcnchuercn, 1983;

Mcrck Index

PCBs:

Aroclor 1016 5.30-5.60 0.2-0.9 992-10,617 USAF, 1989

Aroclor 1242 5.30-6.10 0.2-0.7 992-25,468 USAF, 1989

Aroclor 1254 5.60-8.00 0.1-0.07 1,442-707,945 USAF, 1989

Aroclor 1260 6,10-9.30 0.0027 2,693-6,886,523 USAF, 1989

2,3,7,8 TCDD 6,15-7.28 7.91; 19.3 mg/L 27,797-200,818 ATSDR, 1989b

Tdnchloroethylcnc 1.59; 3.14 ISO 9.5-143 Vcnchueren, 1983;
USAF, 1989

Tetnhydrofunn miscible Vcnchucrcn, 1983

Toluene 2.73; 2.80 515 26-79 USAF, 1989;
Venchucrcn,1989

1,1,1-Trichloroethane 2.49 950 5.6-46 USAF, 1989

Trichlomethylcno 2.42 1,000 13-41 USAF, 1989

Vinyl chloride 1.23 1,100 0.8-6 USAF, 1989

Xylcnc 3.16 7 USAF, 1989

• Values estimated using equation 24.

^
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Table 12. Toxicological benchmarks for selected mammalian wildlife species'

Ewptrimeyal Valueas Extnpolaled Values for Chronic Expnw(ea

Toxieoloakat Benc6marts

cLemicd-csP.soimal Wildlife

LOAEL
(melkddar)

NOAEL
(mg(Wdar)

Endpoiol
NOAEL

(mg/ty/dry) .'%et"
(myltjfood)

WateP
(mt/L)

Fiml Wver
criL

(msn-Y'"

Rekrcncss
(.OAEUNOAII,)

Acmae - nt 500 (90 days) 100 (90 drys) liver and

tid^y
10° EPA, 1986c

short-taikd strev 28 148 189

vbilo-foaed mwse 26 153 176

cunomail rabbit 7.1 el 71

mint 6.2 97 65 39-51

ad fox 3.9 79 47

svhilelail deer 1.8 63 26

Solsble mse>ae - moasc 0.95 (3 6en) rspm8¢tios 0.095°a

stun-tailed saev 0.12 063 0.79 Sc6'oeder and Minctner. 1971

i,yite.fooltd maex 0.11 0.65 0.74

cuvnew7 rabbit 0.03 0.34 0.30

m;nk 0.026 0.41 0.27

rtd fux 0.017 0.33 0.20

wyt•t•; 1 deer 0.008 0.27 0.12
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Table 12. Toxicological Aenctunarks for selected mammalian wildlife species'

ExperimenW Viluns Extrapolaled Values for Chconie Exposures

Toxicolo8icsl Beochvu(ts

Cbenrcd - exp. aninul Wilafe
LOAEL

(nq/k8/deY)
NOAEL

(aKnddaY)
EndpoiR

NOAEL
(nw/ky/daY) DieP

(mykl food)
Watcr""
(nKf1.)

FioJ Wtler
Crit.

(-IIFIL)^

Referemcs
(I.OAEIJNOAEL)

Asbesuo' -^s 700 reProducYon 300' ATSDR,1990a

s6on-biled shrew' 141 741 938

vhite-fooled mouse 129 764 878

^l ta6bit 35 404 357

mink 31 491 325

red fox 20 392 237

vhitetall deer 9 320 139

avion - nl 3.1 (16 mo) 0.51 (16mo) cndiorucular 0.31 Petty et al.. 1983

s6on-lailed shrta 1.44 7.6 9.6

atitrfooled mome 1.31 7.8 9.0

coeootail ra6bk 0.36 4.1 3.6

mink 0.32 4.9 3.3

red fox 0.20 4.0 2.4

v6itelail deer 0.09 3.3 1.4
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Table 12. Toxicological benchmarks for selected mammalian wildlife speciesa

Eaperimeml Valueaa Extrapolated Values for Chronic Exposures

Toxicological Benchmarks

ceemical - sxy. aoimal Vr"fife
LOAEL

(mykydar)
NOAEL

(mg/kj/dar!
Fadpoid

NOAEL

(my/ks/daY) DieP
(myka (ood)

Watet°
(me/L)

Final Waler
Crit.

(ms/I-Y"'

References
(LOAF]JNOAEL)

Beazrx - rat 21(103 st) lymeho-
q,op<oia

2.3°• Huff ef aL, 1989

fhon-taaed shre.v 7.1 37 47

whilefooted mouse 6.4 36 44

couomail'abbia 1.8 20 IR

mink 1.5 24 16 1.0-2.9

ted foi 0.97 19 12

vhitebil deet 0.46 16 6.9

Bevn(ahpyrcae - aat 10 rt.prodoaiw 0.0I"•" Mackemie and M6evine, 1961

shon-laikd a6rca 0.013 0.066 0.083

a3ite-fomcd mouae 0.011 0.066 0.07E

cottoon0 rabbit 0.003 0.036 0.032

mink 0.0029 0.043 0.029 74 pyL

red fox 0.0017 0.035 0.021

vhdetail deer 0.0006 0.026 0.012
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Table 12. Tozicological benchmarks for seleMed mammalian wildlife species•

ExperimenW Vahwa' Exlnpohted Vahus for Chronk Exooares

Toxicological Benchmarks

Chemical - ezp. animsl Wildlife
LOAEL

(maft/dq)
NOAEL

(-S/Wdsr)
Fxpoint

NOAEL

(mahlfdY) D1eP
(mi)Ict food)

Watet°
(mt(l.)

Fmd Wtla
cdt.

tmN-Y"

Re(acrcts
(LOAEUNOAEC)

Berytfius - not 443 (97 d) 0.54 (1126 d) bene: wt bas 0.34

I

Bnsiocu. 1940/ Schtaeder and
MBcbmer. 1975

sbort-Iailed shrevr 1.53 6.00 10.13

vhite-foaed monse 1.39 8.26 9.49

cottm'.uil rabbit 0.36 4.36 3.96

mink 0.33 5.23 3.51

red fox 0.21 4.23 2.55

vhitebil deer 0.09 3.46 1.50

D7-N-bstylpMWlne - mouse 423 (103 d) rcp'odxtioe 42.3°j (.amb a d.. 1987

sbort-biled shrcr 53.2 279.9 352.9

vhno-foaed manse 46.4 267.3 330.1

eommail rabbit 13.3 152.0 134.3

mint 11.6 181.9 122.3 0.0813.9

red fox 7.46 147.4 6a.9

vhilefail deer 3.4 120.2 52.3
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Table 12. Toxicological benchmarks for selected mammalian wildlife speciesa

Eapcrimental Valuns Extrapolated Values for Chronic Exposures

Toxieological Benchmsrks

Chemica) - exp. anima( Wildlife
LOAEL

(mg/kY/day)
NOAEL

(mi/kt/day)
Endpoint

NOAEL

(mg/kY/day) DicP
(mY/ks food)

Water""

(mg/L)
Fwl Water

Crit.
<msILY"`

Rcfeeeueee

(LOAEIINOAEL)

Gshan tanchloride - rn 10 (12 :t) 0.71 (12 Nc) liver, oecrosis 0.071m' 0.91 0.51 Bmckner et d., 1986

shott-tailed shrew 0.201 1.05 1.33

vhite-footed mouse 0.183 1.09 1.25

catooteil rabbit 0.050 0.57 0.51

mink 0.044 0.69 0.46 0.008-0.20

red fox 0.028 0.56 0.34

vhheail dea 0.013 0.45 0.20

Chloroform - rac 90 (78 rk) kidney, testis 9°" 115 64 Beeber. 1979

,hon-tailed shrev 25 133 169

vhite-footed mouse 23 138 158

C6loroform - dog 12.9 (7.5 yr) liver, frtty

cY^

1.29°o Heyevend et al., 1979

cottontail rabbit 2.98 34 30

mink 2.61 41 27 2.01-2.49

red fox 1.65 33 20

whltctall deer 0.77 27 12
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Table 12. Toxicological benchmarks for selected mammalian wildlife species'

ExQerimenW Vsluess Extrapolated Values for Chtonic Exposurts

Toxicological Benchmarks

Chemiul - exp. animal Wildlife

LOAEL

(mg/kg/day)

NOAEL

(mg/kg/day)

Edpoml
NOAEL

(mg/kg/day) Diet°1

(mg/kg food)

WateP`

(mg/1.)

Final Water

Cait.

References

(LOAEIJNOAFS.)

Chrumfum VI -ret 2.4 (2 yr) 2.4 Mackenzie et N., 1958

s6on-tailed shrew 6.79 36 45

vbite-footcd mouee 6.17 37 42

cottomail nbbit 1.70 19 17

mink 1.49 23 16

red fox 0.94 19 11

vkitetail deet 0.44 15 7

(-}anide - rnl 10.8 (104 ^k) 10.8 Hovud and Hamal, 1953

s6on-luikd s6.ev 30.5 160 203

v6ne-fooded mouse 27.8 165 190

cmtoetail rabbit 7.6 97 77

mink 6.7 105 70 1.4-30

rcd fox 4.2 67 SI

o.yitetail de<r 2.0 69 30
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Table 12. Toxicological benchmarks for selected mammalian wildlife speciese

Experimenbl Vduess Extrapolated Values for Chronic Exposums

Toxicological Eenchmarb

Chemiral- exp. animal Wildlife

LOAEL
(mg/kg/day)

NOAEL
(mg/kg/day)

Endpoiot
NOAEL

(mg/kg/day) DieP
(mg/kg food)

Watea•°
(mg/L)

Final Water
Crit.

aefereKel

(lAAEL/NOAEL)

Copper cyanide - rst 3(90 d) 0.5® EPA, 1986d

short-ta9ed shrev 1.4 7.41 9.38

mhite-footed mouse 1.3 7.64 8.78

catlomail rabbit 0.4 4.04 3.37

mink 0.3 4.84 3.25

red fox 0.19 3.92 2.37

rhitehil deer 0.09 3.20 1.39

Copper glucooate - mouse 1.7 (lifaime) loogeviry 0.17°'a' Masaie and Aiello, 1984

shon-tailed shrev 0.21 1.12 1.42

white-fomed mouse 0.19 1.16 1.33

cottontail rabbit 0.05 0.61 0.54

mink 0.048 0.73 0.49

red fox 0.029 0.59 0.36

whitaail deer 0.014 0.48 0.21
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Table 12. Toxicological benchmarks for selected mammalian wildlife specie9'

Experimental Valoess Extrapolated Values for Chronic Exposurts

Toxicological Benchmarks

Chemical - exp- animal Wildlife

WAE[.
(m;/ky/daY)

NOAEL
(ms/kj/daY)

Endpohx
NOAEL

(mg/kp/daY) DieP
(m;/ks food)

Wa^eP"
(ma/L)F

Fina1 Water
Crit.

Refererces
(LOAEIINOAEL)

Copper sulphate - nl 14 (4 wk) growth; food
croammption

1.4® Boyden et al., 1938

short-Iailcd shrew 3.9 20.6 26.3

white-footed mouse 3.6 21A 24.6

caromail rabbit 0.99 11.3 10.0

mink 0.97 13.5 9.1

red fox 0.55 10.9 6.6

whitetail deer 0.26 6.9 3.9

1,2-DichloraetWne - M
(inhalxioe smdy)

7.4 (! mo) 0.74® Heppd el as., 1946

shon-biled shmr 2.09 11.0 13.9

vhite-fouted moase 1.90 11.3 12.9

conom.il rabbit 0.52 5.9 5.3

mink 0.46 7.2 4.9

red fox 0.29 5.9 3.5

vhitctil deer 0.14 4.7 2.1
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Table 12. Toxicological benchmarks for selected mammalian wildlife speciese

EupetimeoW Valucas Ettnpolated Valun for CLronic Expomres

Toxicological Benchmsrb

Cxemieal - exp. animal Wildlife
LOAEL

(mg/kg/day)

NOAEL

(m8nifdey)

Eodpoita
NOAEL

(mj/kg/day) Diet°

(mt/kl food)

Wate(^

(mg/L)

Fina1 Wucr

Crit.
(msn-)n`

Aefereoces

(LOAEL/NOAEL)

I,I-Dichlotonhylene - n1 9(22 yr) liver.hirt. 0.9'^ Quast et d., 1983

shon-tailed shrew 2.54 13.3 16.9

whitefooted mouse 2.31 13.8 15.8

coaowil rabbit 0.64 7.3 6.4

mink 0.56 8.7 5.9 0.341.13

red fox 0.35 7.1 4.3

.v6eetail deer 0.16 5.8 2.5

1,2-Dic4lotaethykoe, mixed fwmen - n• 300 mgfL Rl» 7.069 Quasl et a1.. 1983

shon-lailed shrev 110.3 378 732

whito-footed moase 100.3 596 683

cottootail rabbit 27.6 313 279

mink 24.1 377 254

red fox 13J 306 183

vhitelad deer 7.1 230 109
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Table 12. Toxicological benchmarks for selected mammalian wildlife species•

ExperimenW Values° Extrapolated Values for Chronic Expuntrcs

Toxicobgical Benchnurks

C6emical- eap. animal Wildlire
IAAEI.

(mg/Icy/dar)
NOAEL

(mths/dar)

Eodpoim
NOAEL

(mQ/k;/day) DieP

(mY/Itt food)

Watef°
(mY/1.)

Fuul Water
Crit.

(mg/LY"

Refesemes
(LOAELNOAEl)

Ethanol - moose 5500 ( gest.) 550°•

shnrt-tailed s6rcw 691 3626 4589

rAite-fooaed moase 629 3738 4292

Ethanol - rabbit 3.945 (gest.) 394"^

catoeta, rabbit 612 6993 6183

w6itetail deer 159 5538 2411

Ethanol - do8 21.600 (Sest.) 2.1600°

red fox 2766 55384 33427

mink 4371 68375 45980

EtEyl acetae - nt 3600 (90 days) 900 (90 days) st loss 90°1 EPA, )986e

s6as1-taikd sfuev 255 1335 1689

aSitc-footed moase 231 1376 1580

cnuuoehil rabbit 64 727 643

mink 56 871 586

ted fo: 33 705 426

vAiteuil deer 16 576 251
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Table 12. Toxicological benchmarlct for selected mammalian wildlife speciee

EspetimenW Vaiuess Extrapolated Valucs for Chsonie E>aoaores

Toxicobgica1 BencMurks

csenics!-exp..oimai Vlw,w6fe
LOAEL

(mp/ka/day)
NOAEL

(eglkt/dsr)
Fndpoia

NOAEL
(m;/ky/daY) DieP

(mj/kjfood)
Wa1d°
(vq/L)

Fiml Water
csR.

(msn-Y"'

R<fessrces
oAAF11NOwFa.)

Di-2-es6ylhcay)pM6slsse - mcase 14.1 (105

drys)

sepsaductioe 1.41® l.smb ss at, 1987

s6on-tilled shrer 1.77 9.2E 11.73

vpite-foosey ssase . 1.61 9.57 10.99

coaoew7 ssEbit 0.44 5.03 4.44

mlnk 0.39 6.1 4.1 0.0004-79

rcd fox 0.25 3.01 3.02

vhitetil deer 0.11 3.64 1.67

1.2.3,6.7.1 NQacElosodibev.ohro - st 0_96

sg/k(/dq

(13 rt)

at lusr hbod

cW.

0.096°
ng/Wdry

Paijer et al.. 1969

syM-wled sysev 0.27 1.42 o6h6 1.30 ns/L

,.yk_fapftd vo^ 0.25 1.47 uy'tc 1.69 ay1

coao6u7 y,pR 0.07 0.7E u;/k6 0.69 a4/1.

mnt 0.06 0.93 oc/k` 0.62 o`/I.

red fox 0.04 0.75 u5/k5 0.45 us/I.

vhiteail dcu 0.02 0.61 ng/kS 0.27 a`/I.
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Table 12. Toxicological benchmarks for selected mammalian wildlife species'

EVerimemal Vahwi 6xlnpo6ted Vdoes for C6mnic Expoamez

Toxicological Benchnvrks

aa.," - exp...im.1 Vruara
L.OAF].

(rqgft/d•r)
NOAEL

(m&/Wd+r)
Fadpo6a

NOAEL
(MlW4+7) DkP

(.SIkS food)
Wnet^
(myy

fiml Wuer
crit.

l^ysa"'

Refaeoces
0.oAEUNOAE1.)

Lnd .cNe - nt 50 ppm (2 yr) 10 ppm (2 yr) 0.7e Aw et of., 1973

sM1ort-taikd s6rer 2.21 11.57 14.64

r6rtcfoaed nooae 2.01 11.92 13.69

cdmntnl nbbit 0.35 6.30 7.57

mink 0.49 7.55 5.07

red fo: 0.31 6.11 3.69

6itcwl dar 0.14 4.99 2.17

Magaeese - homu 0.14 0.14 Schroeder a.I., 1966

s6on-taikd s6re., 2.27 11.93 15.10

vhittfooted aoan 2.07 12.30 14.12

ratoeuil nDDil 0.37 6.50 5.75

miot 0.30 7.79 5.27

red fox 0.31 6.30 IN

v6itetail den 0.15 5.15 2.24
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Table 12. Toxicological benchmarks for selected mammalian wildlife speciesa

Expefimeslal Vduess Essttapolaled Vdues for Cbronic Expowres

Toafco14cal8ercdmscts

Chemcd - eap.eoimd Wildlife
I.OAEt.

(mg/kj/day)
NOAEL

(ms/kj/dar)
Eodpoint

NOAEL
(mj/kj/dsy) DieP

(mj/kifood)
WNCP'
(mslL)

FinJ Wa1er
Cril.

(my(.Y"

ReQrtacea
(l.OAEUNOAEL)

Muceric c6loriAe - sat 0.64 (39 w4) immam ryal.

k drcY
0.0064O1j baonac6 et al., 1996

s6ort-niled shrev 0.016 0.095 0.120

v6ilo-toacd moase 0.016 0.09b 0.112

conodaB rabbit 0.0045 0.072 0.046

mink 0.0039 0.062 0.042

red fox 0.0025 0.050 0.030

av6enail deer 0.0012 0.041 0.016

Merceric fdfide - moae 13.3 13.3 Revis el al., 1999

shon-tailed shrcr 16.7 67.66 110.96

vhue-fooaed mwse 15.2 90.39 103.76

cdwnlail nbbit 4.2 47.77 42.23

mink 3.7 57.21 3lA7

red fox ^ 2.3 46.34 27.97
_

a,bilc• 6dmr 1. 1 37.E3 16.47
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Table 12. Toxic0loRinl benchnarks for selected mammalian wildlife speries'

Hpa;m.r V,luer 8.tr.poi.kd Vdues for cLro,:c EW^.

roxkolo&,t e.aemh,

Mical - *ap. 86061 WJdlik
WAEL

(ma/ka/daY)

NOAEL
(atnlfd7)

EWpoir[
NOAEL

(-w/k6/d^Y) DrtP
(VWki food)

WMee
(nwI1-)

FmJ Wakr
CriL

(man-Y`

Rek^
(LAAFIINOAEL)

ldncvy. -nYYt - ry 0.024 p rN rtpuduvtiom 0.024 VmAwrt^ d it. 1976

shon-Vikd sMer 0.067 0.36 0.45

.tacfodrd mnn.e 0.062 0.37 0A2

cdtoebit M,bil 0.017 0.19 0.17

wL'neuii deer 0.00! 0.15 0.07

metYli -mi# 0.07193 dl Klos+. ++su 0.007° 0.11 0.07 Wubexr t Y.. 1975

red fuR 0.00/ 0.09 0.03

MtlYrd - rr 2500 ( 90 d) 700 (90 QI blood C6ea. J(Y° EPA. 1986f

sEon-o0ed strc.r 141 711 93E

vhilo-fuaM ewu 129 764 a7i

cnn^l nbbil 35 404 357

mint 31 !S! 325 234297

'ed Ga 20 392 237

s-EiteW deer 9 320 139
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Table 12. TozicoloRinl benchmarks for selected mammalian wildlife speci•s`

EspninrcsYl ValueO Extrapolated Values for Chronic Etposmes

Toxicological Benchnrrks

Ciemical - e>p_ animal vr"k
LOAEL

(ma/kddl)
NOAEL

(milWd7)

Fadpoint
NOAEL

(my/ky/daY) DfeP

(mB/kt food)
WreC'

(mt/i.)
fiml Wrer

CAL
(o yt.P'

Rek,eaen

aAAF11NOAE1)

Mcriylne clkaide - is 52.58 (2 yr) 7.97 (2 )r) livtt;

histology

5.97 NCA. I962

shon-taikd shrev 16.54 66.73 109.79

sv6^foaed easss 15.04 99.43 102.69

coaortul nAbi1 4.137 47.27 41.79

mi3 3.62 36.61 39.07 0.69-8.7

red foc 2.29 43.E7 27.6E

vhi4w7 dea 1.07 37.43 16.30

Malyi ehyl tenoe - is (iWaaine dra) 92 (12 wt) 9.20 IaDdk d&ie`er. 1955

stre. 26 136.4 172.7

vhitefooted ssaaee 23.7 140.6 161.7

cuuoda,l rabbit 6.5 74.3 65.7

miak 5.7 99.0 59.9 25.5-56.0

red fox 3.6 72.1 43.5

vyeet.J deer 1.7 5E.9 25.6
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Table 12. Tozicological bencMeark9 for selected mammalian wildlife species'

uy.fimeltal VelYee E%IlaPolalLd Vallle/ fOr Chronic EIIfPOWIef

Toxicological Benchmarks

Chemicd - exp- animd vr"Pre
WAEI.

(mg/k8fdl)

NOAEL

(ms/ks/der)

Eodp+ie
NOAEL

(m8/k8/deY) Diet'

(ma/kf food)

Walet^

(ms/L)

Fiml Wtlet

csit.
(mctt.Y"

Refa<ncea

0.OAE[lNOAEZ)

44MahyF2-Ptnl+eoee ( met6yl isobulyl keloee)

^

70113 vt) Irver, kiAory 3^ Microbiolo8ical Auxisles,
1986

shon-tailed shrev 14.1 74 94

rEitc-faacd mouse 12.9 76 88

eoaomail rabbit 3.6 40 36

mink 3.1 48 33 12.1-12.4

red fox 1.9 39 24

vEite+nl deer 0.9 32 14

Maztel slpWSe - rr 24.13 (3 Ben) seProdunion 24.15 Ambax n d., 1976

s6on-tailed shrcv 68.29 338 453

v6ito-foolcd moox 62.10 369 424

rnttonbil nMrit 17OS 195 173

mink 14.94 234 159

red fox 9.46 189 114

v6itetail deer 4.42 157 67
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TaMe 12. Toxicological benchmarks for selected mammalian wildlife species'

6cperimeYW Vducss Exvapolated Values for Chionic Exposures

Toxicobgical Benchmvb

Qemical - sap.animd WildGfe
LOAE3.

(vt/kj/dq)
NOAEL

(mg/kj/dsr)
Fadpoiri

NOAEL

(mg/kj/dsY) DieP
(ms/ksfood)

WYIeP'
(ms/L)

FinJ Water
crit-

<mWILY"'

Refnrncp
a.OAEL/NOAEL)

Ki1"k - 1.b3.2

( S 6 mo)
1.6(5 t mo) maLemo-

flobiormia
1.6 Bosch et d., 1950

short-1.1aw states, 25.9 136.33 172.53

vhitafomed moese 23.6 140.54 161.37

cuUwtnl nb6it 6.5 71.26 65.67

midc 5.7 6E.96 59.82

rcd fo: 3.6 72.06 43.19

rlimail dett 1.7 16.E2 25.61

PCBs - Modor 1253 - vhee-foaed nume 1.7 rtpfodectioY 0.17°• 1.0 1.1 Limey, 1967

PCBs - Moclor 1251 caaosa7 nbbe 0.046 0.67 0.46

s8ow1-lan7cd shrev 0.196 0.9E 1.24

PCBs - Aroclor 1254 - Ymnk 0.07 repmdxtieY 0.07 1.0 0.69 0.OOO_.S-0^ .032

Yyu

Aeknch and RiYfee, 1977

?4'9s - A.,lof 12V rcd fox 0.033 0.71 0.43

PCBs - Amclor 123i
k whitetail deer 0.017 0.59 0.26
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Table 12. Toxirnlogical benchnarks for selected mammalian wildlife species'

Ewperimemal Valued Extnpolaled Valuea for Chconic 6xposurea

Tozicological Bemchmarts

c3emicd - sap. m,:md WildGfe
1AAEL

(mykya,r)
NOAEL

(myWdar)
Eadpoim

NOAEL

(mylk;/daY) DieP
(mOtj food)

Walee
(myt.)

Fmil Wale[
Crit.

(^N P

Rtkteoca
(LOAEUNOAEl.)

2,3.4.7.8 - Peahc6loromleamfuna - is 0.096 a`/kt/a

(13 avk)

wt losa

blood cbem.

0.0096"O

a5/k6/day

Pafjec et a1., 1969

sbon-biled sbrev 0.027 0.142 o6/k` 0.IB0 a5/L

vbito-foaed moase 0.025 0.147 a6/k6 0.169 uyl.

conomail cabbit 0.007 0.076 a6/kL 0.069 a6/L

miot 0.006 0.093 eVha 0.062 a"

red fox 0.0038 0.075 ag/k& 0.065 ag/L

.vhinenil deer 0.W16 0.062 a`/ks 0.027 ayl.

1.2.3A.8 PeaucNocodibeamfmu - nt 290 at/tt/dry

(13 ak)
wt lon

blood chem.

29°'
ac/k`/dry

shorPtyleA Wev 61.9 429 a`!k{ 544 a`ft. Poi`a el a1.. 1999

vheo-fooled moase 74.3 443 a`ha J09 as/L

coao.rail rabbit 20.5 234 as/k` 207 as/[.

mink 17.9 280 ag/kg 189 a6/L

ced fox 11.3 227 a5ft6 137 as/L

vhiteuil deer 5.3 197 ae/ks at a6/l.
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Table 12. Toxicological benchmarks for selected mammalian wildlife specie{

ExperimenW Valuess Extrapolated Values for Chtonic Exposwes

Toxicological Benchmatks

Cbe®cal - sap. arinrl Wildlife
LOAEL

(mi/k{fdar)
NOAEL

(rtft)dr)
Endpoinl

NOAEL

(mj/ks/daY) D''.ep

(m{/ks food)
Wner"'

(mfIf.)
Final Waee

ctit.
Refaences

(LOAEVNOAE.)

1.2.7.7.i - Pesachbtod.benxoforu . ru 0.96

oVk;/dsy

(13 vk)

vt. loss

blood chcm.

0.096®

a`/kt/day
poije` A al.. 1989

short-tailed shrcav 0.27 1.42 o6/k6 1.80 06/(.

vhite-footed moose 0.23 1.47 ag/kg 1.69 o6/I.

cattoetail rabbit 0.066 0.77 o;/tc 0.69 os/I.

mid[ 0.059 0.93 a`/Iq 0.62 a`/L

red fox 0.036 0.75 aE/kg 0.45 at/I.

vhitetail deer 0.016 0.61 ndkt 0.27 ndl.

Seknium (n sekere) - moese 0.57 rcproWioe 0.0570" Schmeder sd Mitcbeer. I971

mhon-taikd shrev 0.07 0.36 0.Ii

vhite-footed moax 0.065 0.39 0.N

catootail -sbbit 0.016 0.20 0.16

mink 0.016 0.25 0.16

red fox 0.01 0.20 0.12

vhitetail den 0.007 0.16 0.07
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Table 12. ToxicoloRical benchmarkc for selected mammalian wildlife species'

Experimental Values' Extnpolamd Values for Chronic Exposures

Toxicological Benchnrrks

Chemical - exp. animal Wildlife
LOAEL

(mg/kg/day)

NOAEL

(mtnt/day)

Endpoint
NOAEL

(m`/ky/day) DieP

(m{/k; food)

Watef"

(mg^l.)
Fnl Wnet

Crit.

(mg/LY"'

R<fercucts

(LOAEIJNOAEL)

9totl3uu (vabk) - nt 263.1 (3 yr) nchitic

changes
263.1 Skosyay 1981

shon-tailad shrew 743 3901 4938

vhitafoated mouse 677 4022 4618

conoeuilrabbit 186 2126 1879

mink 163 2l46 1712

red fox 103 2062 1245

vhitelail deer 48 1683 733

2,3,7,9 - TCDD - nl 0.001
nthg/d'Y

(3 gen)

reproduction 0.001
aL/kg/day

Murray et d., 1979

short-tailcd shrcv 0.0028 0.0149 ugAtg O.O188 ug/L

vhite-fnaed mwse 0.0026 0.0153 ug/kg 0.0173 ng/L

conomail rabbit 0.0007 0.0081 ag/kg 0.0072 ug/L

miut 0.0006 0.0097 u1/k8 0.0063 ut/L 0.002-

0.012pg/L

red fox 0.0004 0.0078 ug/kg 0.0047 ug/L

vhitetail deer 0.00018 0.0063 nghg 0.0027 ug/[.
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Table 12. Toxirnlogical benchmarks for selected mammalian wildlife species'

Eapes'uncabl Vahms" Eztnpolated Values for Chronic Ezposutes

Tozicologieal Benchmarks

Chemical - exp- animal Wildlife
LOAEL

(mg/kg/day)
NOAEL

(mg/kg/day)
Endpoint

NOAEL

(mg/kg/day) DieP
(mg/kg food)

Wates°"

(mg/L)
FinJ Water

Crit.

cmg/1-y~

Refaeocea

(LOAEIJNOAEL)

1.1.2.2-Tetnchlotoethylene mouse 300 (78 vk) livv 30°n NCI. 1977a

shon-biled shmv 37.7 198 250

rhitcfoded mouse 34.3 204 234

catomail rabbh 9.4 I08 95

mink 8.3 129 87 0.9-11.4

red fox 5.2 103 63

vhitmil deer 2.4 87 37

Toheee - ne 446 (13.4) 223 (13 wt) inc. or8aa wt. 22.3m' NTP. 1989

short-tailed shrcv 63.1 331 419

vhite.foated moa: 373 341 391

catootail nbhit 15.8 180 159

mink 13.8 216 145 2.7-7.8

red fox 8.7 175 105

vhitetail deer 4.1 143 62
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Table 12. Toxicological bencMlarks ?ar selected mammalian wildlife speciese

Experimental Valoess Extrapolated Values for Chronie Expuwres

Toxicobgical Benchrtmrka

Chemical - esp. animal Wildlife
WAEL

(mg/kg/day)

NOAEL

(mg/kg/day)
Endpoint

NOAEL

(mg/hg/day) Diet°

(mg/kg food)

Watef°

(mg/L)

Fnal Water

Crit.

(mg/Ly'

Refinences

(LOAE(JNOAEL)

1,1,1-Trichlotocthaee - rat 750 (78 wt) 350 (12 wk) decr. mtv'rval 35m' NQ, 1917bBmctoer et at.,
1985

ahon-tailed shrev 99 519 657

white-foaed mouse 90 535 614

cottontail rabbit 25 283 250

mink 22 339 228 7.2-61.4

red foa 14 274 166

whitetad deer 6.40955 223.95353 98

Trichloroethykne - ra 130 (2 gea.) 75 (2 gea.) rtptodxtlon 75 NTP, 1986

shmt-taited sMer 212 1112 1408

vhitefooted mwx 193 1147 1317

coeoetritrabbit 53 606 536

mink 46 726 488 16.9-49.6

ted fox 29 Sgb 355

whitetal deer 14 480 209
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Table 12. Toxicologinl benchmarks for sdected mammalian wildlife species'

Esperimeaal Vdues` Extnpolated Values for Chronia Exposures

Toxicological Benehmatks

C3eacat-cy.snimd Wildf.k

LOAEI.
(irykyas3)

NOAEL
(myks/dry)

Fndpoirt
NOAEL

(mykj/yY) DicP
(mj/ksfood)

Wnef°
(myl.)

Final Waur
Crit.

(HIJV'(.p`

Refaenca
a.OAF1JNOAEL)

Usvs (Womble sslss) - rsbbit 2.6 (30 days) kidery, biaL 0.2R°• Mtynud and Hodge, 1949

sAon-taikd ahrtv 1.74 9.12 11.54

v6itefoaed mause 1.36 9.40 10.80

taaosaul nbAit 0.44 4.97 4.39

Imiek 0.39 3.93 4.00

red fox 0.24 4.92 2.90

v6netail den 0.11 3.94 1.71

Viql cYosiAe -rus 1.3 (I49 at) 0.13 (149 vt) decr. mrvivai

flrtt
0.13 Dor Clwid Co., 1994

akon-nn'kd s6rev 0.37 1.93 2.44

rMrfooied ®oose 0.33 1.99 2.29

coeosasl rabbit 0.09 1.05 0.93

vid 0.06 1.26 0.95 0.002-0.9

rs^L

red fox 0.05 1.02 0.62

vkee+ail deer 0.02 0.63 0.36
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Table 12. Toxicological benchrnarks for selected mammalian wildlife species'

Esperimenlal Valucss Extrnpolated Values for Chronie Exposures

Tozicological Benchmarks

Cbeaiied - ss'.asimJ Wildfife

LOAEL

(mg/kg/day)

NOAEL

(mgngYd•Y)

Fadpoist
NOAEL

DieP

(mgngfood)

Wxer°'

(mg/L)
Fsml Water

Crit.
(119/LY°

Refesenoes

(LOAEVNOAEL)

hfiaed ayleies - ns 300 (103 vt) rrprodoctioe 700 ATSDR, 19901,

shon-bikd shrew 1414 7415 9396

atise-fooded mouse 1286 7644 9777

cdtonlail rabbit 334 4040 3372

midc 310 4919 3234 570

rcd foa 196 3920 2366

vhiietil deer 92 320D 1393

Zinc cryomse - sst 97 (37 days) repoducsioe 9.7° Rimnmon. 1963

shon-uiled shrev 27.4 144 192

.tiie-footed mosse 24.9 149 170

canonnil nbba 6.9 78 69

minh 6.0 964 63

red fox 3.9 76 46

deer 1.9 62 27
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Table 12. Toxicological benchmarks for selected mammalian wildlife speciese

Eaperimcmal Valuea` Extrapolated Values for Chronic Exposutes

Toxicological Benchmarks

cbemical - esp. aoimal Wddfife

LOAEL
(m;/ks/dsr)

NOAEL

(ms/kddar)

EtdpoiR
NOAEL

(myfts/daY) DieYe

(mt/ts food)

Wsttr°'

c114/0

FwI Wqer

cirt.

<myl.Y"'

References

(I.OwEUNOAEEl.)

Zirtoaiem wlp6ale - mwse 0.7 (Iifetime) loo6n'ity 0.07°' xhroccler m v.• 1969

shon-uiled shrcv 0.09 0.I6 0.36

vhite-fooaed mouse 0.08 0.48 0.55

cottontail rabbit 0.02 0.25 0.22

mink 0.019 0.30 0M

red fox 0.012 0.24 0.15

vhiteWl deer 0.006 0.20 0.09

•N^6enYp^vmrs^skreps^i.ta 'C1WYSd/IwEqaisl6vtlqFil.iMei^eaiT^lYtuAlq^uA9CFrnWtI^YTa4YlY.

• D-swq aememi pp^; vsr amnwnuai 4/L
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Table 13. Toxicological benchmarks for selected avian wildlife species•

Eaperimeuta) Valuns Extrapolated Values for Chronic Exposures

Toxicological Benchmarks

C3emicd - exp. animd Wildlife

LOAEL
(mtfts/day)

NOAEL
(mj/ka/day)

Endpoint
NOAEL

(ms/Icj/day) Diet'
(m{lks food)

Watet°
(mL)L)

Fud Waler
CriL

(myLY"'

References
a.0AF2JNOAFI)

Chlordam - fedvineed blackbird . 13 (84 days) monality 2.13

Arne rican Robin 2.11 9.7 14.6 tickel et d., 1993

Woodcock 1.47 14.3 14.6

iM Turkey 0.46 15.3 14.6

hed IGngfisher 1.62 14.3 14.6 0.17 ug/I.

reat Blue Herou 0.64 15.0 14.6 0.17 ut/I.

rted Ovl 0.96 14.7 14.6

ooper's Hawk 1.13 14.6 14.6

ed-TaileA Hwk 0.83 14.9 14.6

Chrunne alum (CrK(SOJr - black duck .7 (10 mo) reproduction 2.7 asek:a<at at., nnqub). data

rican Robin 6.77 32.66 49.23 from 6abr, 19l6)

Woodcock 4.96 48.47 49.75

Jd Turkey 1.63 51.67 49.26

hedlGnglisber 5.46 48.1e 49.27

ieat Blue Heron 2.13 50.62 49.26

Ow•l 3.24 49.66 49.26

ooper's Hwk 3.91 49.19 49.25

ed-Taikd Hwk 2.79 50.09 49.26
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Table 13. Toxicological benchmarks for s3ected arian wildlife species'

E>perimcnul Value>• Extnpolated Values for Chronic Expo^s

Toxicobsical8enchmuks

enevical - esp. uiud WJdGre
WAEL

(uykyday)

NOAEI.

(myWday)

Eodpois<
NOAEL

(mR/kj/dsy) Diet°'

(mS/tj food)

WateP

(vq/l.)

Fmd Wner

c'f.

Refertrces

(1.OAE1JNOwEt)

Coppa cs.booate - vsllstd duct 29 (98-101

ys)

Wt. pin;

moniley

29 , 1940

Anwrican Robin 6739 325.67 491.42

oodcock 49.49 483.66 491.40

Jd Tutkery 16.23 51539 491.54

hed Wingrs6er 54.48 480.73 491.62

Blue H^ 21.75 507.07 49135

-rmed 0v1 3237 49536 491.54L

s Hsrk 3b.05 490.b6 491.47

ikd Havk 27.69 499.85 491.55

uxide - chicken 21 8 rt.piu;

morolny

22.a a d., 1960

Anwican Robin 54.50 262.79 396.29

oodcock 39.91 390.04 396.2E

Wild Turkay 13.06 415.78 39639

ttd Kingfisher 43.93 397.71 396.46

Grem Bloe He'on 17.54 405.92 39639

med Ovl 26.10 399.63 39639

oapers Havk 30.69 395.66 39634

d-Tailed Hark 22.49 403.09 396.39
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Table 13. ToxicoloRinl 6enchnarks for aelected avian wildlife spedesa

EupetineWl Valaef Extnpolaled Values for Chronic Eaporotea

Tonicobslcal Benchnurka

caead - rap. aeinrl Wiwcre
WAEL

(nK/kydq)
NOAEL

(mjhs7dy)
Eadpoint

NOAEL
(m8/ki7day) DieP'

(nKns rood)
1Mref't
(myy

Fmd Wwn
ct:.

Re@anw
a.OeELNOwEL)

' N-6uty1p6tlWwe- ring dovs 1.11 (4 vk) rtproduction 0.011I^° ft". 1974

Anwrican Robin 0.0139 0.067 0.102

oodcock 0.0102 0.100 0.102

dd Turkey 0.0034 0.107 0.102

hed IG.Vriaher 0.0113 0.099 0.102

r Blue Haon 0.0045 0.103 0.102

ned Ovl 0.0067 0.103 0.102

ooper's HaWk 0.0079 0.102 0.102

ed-Taikd Havk 0.0056 0.103 0.102

DT and netabornea - bwn pe&an .022 (> 1 ),r) rcpmduction 0.026 Andemon a at, 1975

rican Robin 0.099 0.43 0.72

oodcock 0.072 0.71 0.72

dd Turkey 0.024 0.75 0.72

fiedlGngfsAer 0.050 0.70 0.72 169-545p6ti

rtai 81ue Heron 0.032 0.74 0.72 200-575 pg/L

ned O.vl 0.047 0.72 0.72

oaper', Hawk 0.056 0.72 0.72

d-Taikd Ha.k 0.041 0.72 0.72
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Table 13. Toxicologkal benchmarks for selected avian wildlife species'

EverimeaW Valusa` Extrapolated Vahua for Chronic Expowtes

Toxicological Benchmuks

C3em'ral - c>p. sninrl Nrddfife
k.OAEI

(nq/ks/dsy)
NOAEL

(mina/day)

Endpoint
NOAEL

(m3/ky/dsy) pieP
(mj/ks food)

Watcr"'
(mj/L)

Fud Wnu
criL

(myLY"'

Refaencen
(LOAFLNOAEL)

" 2-ethyaxxylp6malate- ring dove 1.11 (4 vk) n:ptuduction 0.111m Peakall , l974

Anterican Robin 0.139 0.67 1.02

Woodcock 0.102 1.00 1.02

dd Turkey 0.034 1.07 1.02

hed IGngfisher 0.113 0.99 1.02 3.3aI0'-0.00b

^^H^ 0.045 1.05 1.02 4.5z10'-0.006

^ Oa'I 0.067 1.03 1.02r

oopers H»'k 0.079 1.02 1.02

ed-Taikd Hawk 0.036 1.03 1.02

Mercury , methyl - mallard .064 (3 ten) reproduction 0.0064" eu¢, 1979

American Robin 0.013 0.072 0.103

Woodcock 0.011 0.106 0.108

dd Turkey 0.0036 0.113 0.105

hed IGngrg6er 0.012 0.106 0.10e

Cimn Bbc Heion 0.005 0.111 0.108

Owl 0.007 0.109 0.103

rs Havk

L

0.00b 0.106 0.105

Taikdd Havk 0.006 0.110 0.106
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Table 13. ToximloRinl benchmarks for selected avian wildlife speciesa

E>Eerimetial Value,• EunpoLted Values (or Chronic Exponues

Toxicological Benehnrrks

C6emical- cxy. auwl Wildli(e
WAEL

(mg/kg/day)

NOAEL
(mg/Wday)

Endpoint
NOAEL

(mg/kg/day) DieP
(mg/kg (cud)

Walef°
(mg/L)

Finsi Watet
ctit.

lmt/1-Y"

Re(nencu
(LOAELNOAE[.)

Kkel aulpAate/nKkel acaate - chicken 1.4 (4 wk) M. galn;

melabolism

2.14m' e6ee and Reid, 1968

Ame rican Robin 4.11 19.81 29.88

Woodcock 3.01 29.41 29.88

dd Turkey 0.99 3135 29.88

hed Kingfifier 3.31 29.23 29.89 6.500'-0.001

rcat Blue Herun 132 30.83 29.88 6.7x10'-0.001

rted ON 1.97 30.13 29.88

oaper'a Hawk 2.31 29.84 29.89

ed-Taibd Hark 1.70 30.39 29.89

PCB (Aeoclor 1254) - ring-necked pheasata 137 (17 wk) n:production 1.57 Dah 1gres et a1.. 1972

Anwrican Robin 3.82 18.4 27.7

Woodcock 2.79 27.3 27.7

Wild Turkey 0.92 29.1 27.7

Ited Kingfisher 3.08 27.1 27.7 0.012-0.8 ug/L

reat Blue Heron 1.23 28.6 27.7 0.012-0.8 ug/L

Barred Owa 1.83 28.0 27.7

ooper's Ha.k 2.15 27.7 27.7

ed-Tailed Havk 1.57 28.2 27.7

52

^^ ^`



Ip

Table 13. Toxicological benchmarks for selected avian wildlife species'

Esperimeaal Valu<s• E:inpolaed Valucs for Clnonie Expo>.rtes

Toxicobgical Bcnchnarks

CLernical -<xp. animal Wild6fe

LOAEL
(ms/kydry)

NOAEL
(vt/WdaY)

Endpoint
NOAEL

('nt/k6/dsY) DicP
(cq/hS fond)

Waef*
(nK/L)

Fmd Waea
C^'s.

Rckienms
Q.OAFUNOAFL)

wSodium seknite - mallard dock I(70 d) reproduction 0.)®

21211100

eioz a d., 19d7

American RobGn 0.23 1.12 1.69

ood<ock 0.17 1.67 1.69

i Turke7 0.06 1.76 1.69

hed IGngfiaher 0.19 1.66 1.70

reat Blue Hcron 0.08 1.75 1.69

^^ 0.11 (.71 1.69

oopei s Hark

L

0.13 1.69 1.69

ed-TaBed Haavk 0.10 1.72 1.69

laoonethionine- mallard duck .4 (70 Q) rcprodnction 0.0404 eu¢ a al., 1939

American Robin 0.09 0.45 0.66

Woodcock 0.07 0.67 0.6E

dd Turkey 0.02 0.71 0.68

hed IGngfuher 0.oi 0.66 0.65

Blue Heton 0-03 0.70 0.66

Ovl 0.04 0.68 0.6E

ooper's Havk 0.05 0.68 0.66

Taikd Hawk 0.04 0.69 0.69
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Table 13. ToxkoloRical benchmarks for selected avian wildlife gpcciea`

EverimcnW Value>• Extnpolated Values for Chtonio Exposurea

Toxicological Benctnrrb

Cbemical - eap. animal wddGrc
I.OAEI.

(mg/kg/day)

NOAEL
(wK/kg/day)

Eadpoiot
NOAEL

(mghg/day) DieP'
(mghg fcud)

WateP
(mg/I.)

FmJ Wucr
Cr[.

(018/0"

Rcfutaces
(.OAEUNOAfl)

,7.9-TCDD - ring-uecked pheaaanl . 014
chg/day o0
t>

reproduction 0.014 ug/kg/d oaek at s1., 1992

merican Rnbin 0.034 ug/kg/d 0.16 uglkg 0.24 ugfL

Woodcock . 0.025 ug/kg/d 0.24 ug/kg 0.24 vg/L

Wild Turkey 0.009 ug/kg/d 0.26 ug/kg 0.24 ug/L

Be lted IGngfither 0.027 ug/kg/d 0.24 ug/kg 0.24 ug/L 0.001-0.3 pg/I.

rcat Blue Heron 0.011 ug/kg/d 0.25 ug/kg 0.24 ug/L 0.04-0.3 pg/L

rted Ovl 0.016 ug/kg/d 0.25 ug/kg 0.24 ug/L

ooper's Havk 0.019 ughg/d 0.25 ug/kg 0.24 ug/L

ed-Tailed Hrvt 0.014 ughg/d 0.25 ug/kg 0.24 ug/L

.3,7,g-TCDF- chicken . lughg/day

(21 d)

rt. gaiq

munslity

0.001n''m

ng/kg/d

clGmey «d„ 1976

American Robin 0.001ug/kg/d 0.006 ug/kg 0.0097 ug/L

Woodcock 0.001 ug/kg/d 0.009 ug/kg 0.0097 ug/l.

Wild Turkey 0.0003 ug/kg/d 0.01 ug/kg 0.0097 ug/L

hed Kingfisher 0.001 ug/kg/d 0.009 ug/kg 0.0097 ug/L

reat Btue Heron 0.0004 ug/kg/d 0.01 ug/kg 0.0097 ug/L

rrcd Ov1 0.0006 ug/kg/d 0.01 ug/kg 0.0097 ug/I.

oopei s Haevk 0.0008 ug/kg/d 0.01 ug/kg 0.0097 ug/L

ed-Tailed Haak 0.0006 ug,'kg/d 0.01 ug/kg 0.0097 ug/I.
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Table 13. Toxicological benchmarks for selected avian wildlife species•

Experimental Vahaej Extrapolated Valuea for Chronic Expoaurea

Toxicological Benchmarka

Chemical - exp. aninul Pwddhfe
WAEL

(ms/k;/day)
NOAEL

(mt/Wday)
Eodpoint

NOAEL
(ms/ts/day) DieP

(mjft food)

Watet°
(mj/L)

FmJ Wata
criL

Rcfereocet
(LOAEUNOAEL)

nnium (depkted, metallic) - black duck 86 (6 wk) liver, kidney,

mortality

B.6®

td^

hine and Siko, 1993

American Robin 21.6 104 156

Woodcock 15.3 154 156

Jd Turkey 5.2 165 156

Belted Kingfiaher 17.4 153 156

rtat Blue Hemn 6.9 162 156

rted Owl 10.3 156 156

ooper'a Hawk 12.1 157 156

ed-Tailed Havk b.9 160 156

m carbonte - mallard 170 (60 d) blood chem.:

mortality

1.761•a anray and Buss, 1972

Ame rican Robin 4.1 19.6 29.5

oodcock 3.0 29.1 29.5

Wild Turkey 1.0 31.0 29.5

Med IGn6fiaher 3.3 29.9 29.5

rtat Blue Heron 1.3 30.5 29.5

rrcd Ovl 1.9 29.! 29.5

ooper'a Hawk 2.3 29.5 29.5

ed-Tailed Havk 1.7 30.0 29.5

\uNns i P,e^ w(n to cTm. . tea. ' Ca416cd 6wn Epuin 16 iint FCM •alue 0. i TJY t and Iq P and 6CF rahw p,y is TabM to.
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Selected toxicity data for avian and mammalian wildlife

LOAEL NOAEL Acute or

Chemical Species Dose or Cone! Effect Dose or Conc!
Lethal

DosdConel

LD^ or

LC,

Acrolein mallard duck 3.3 9.11

2-Aminobutane base rat 350

2-Aminobutane acetate rat 480

2-Aminobutane

hydrochloride

rat 430

4-Aminopyridine house sparrow

herring gull

pigeon

1.4

4.5

4

Antimony bobwhite quail 60000(6 wk)

Antimony potassium

tartrlte
albino rat 300 494

Aroclor 1016 ferret 20 ppm (9 mo)

Aroclor 1016 mink 20 ppm (9 mo) reproduction 20 ppm

Aroclor 1221 bobwhite quail 30% mortality 6000 ppm (5 d)

Aroclor 1221 Japanese quail > 6000 ppm (5 d)

Aroclor1221 ring-necked

pheasant

>4000ppm

(5 d)

Aroclor 1232 bobwhite quail 3002 ppm (5 d)

Aroclor 1232 Japanese quail >5000 ppm (5 d)

Aroclor 1232 ring-necked

pheasant
3146 ppm (5 d)

A-2
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Selected toxicity data for avian and mammalian wildlife

LOAEL NOAEL Acute or

Chemical Species Dose or Cone.' Effect Dose or Conc.'
Lcthal

DosdCone ^
LD,a or
LCb

Aroclor 1242 fenst 20 ppm (9 mo) reproduction 20 ppm

Aroclor 1242 mink S ppm (9 mo) reproduction 10 ppm

(9 mo)

315-833

Aroclor 1242 Japanese quail 321.5 ppm

(21 d)

reproduction

Aroclor 1242 Japanesc quail 10 ppm (45 d) reprod.

Aroclor 1248 screech owl 3 ppm (18 mo)

Aroclor 1248 chicken 10 ppm (8 wk) reprod. I ppm (8 wk)

Arocbr 1254 raccoon 50 mg/kg (8 d) physiology

Aroclor 1254 cottontail rabbit 10 ppm ( 12 wk) wt. loss

Aroclor 1254 white-footed

mouse

10 ppm U reprod.; deer.

surv. of pups

Aroclor 1254 quail 50 ppm ( 14 wk) reprod.

Aroclor 1254 Japanese quail 78.1 ppm (21 d) reproduction

Aroclor 1254 Japanese quail 20 ppm (8 wk)

Aroclor 1254 Japanese quail 5 ppm ( 12 wk) physiol.

Aroclor 1254 mourning dove 40 ppm (42 d) metabolism

Aroclor 1254 ring dove 10 ppm reprod.

Aroclor 1254 pheasant 12.5 mg (Ix/wk,
17 wk)

WAW
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Selected toxicity data for avian and mamma)ian wildlife

LOAEL NOAEL Acute or

Chemical Species Dose or Conc! Effect Dose or Conc!
Lethal

Dose/Conc!
LD,a or
LC5,

Aroclor 1260 bobwhite quail 5 ppm (4 mo) thyroid wt.

Aroclor 1260 Japanese quail 62.5 ppm (21 d) reproduction

ArsaniGc acid rat 216 mg/kg

Cadmium deer mouse I mg/L infertility

Cadmium wood duck 100 ppm (3 mo) patholovy 10 ppm (3 mo)

Cadmium black duck 4 ppm (4 mo) offspring

bchav.

Cadmium chloride mallard duck 20 ppm

(30-90 d)

pathol.

Cadmium succinate bobwhite quail 1728 ppm (5 d)

Cadmium succinate Japanese quail 2693 ppm (5 d)

Cadmium succinate ring-necked

pheasant
1411 ppm (S d)

Cadmium succinate mallard duck >5000 ppm (5 d)

Chlordane bobwhite quail 331 ppm (5 day)

Chlordane Japanese quail 350 ppm (5 d)

Chlordane Japanese quail 25 ppm (8 d) reproduction

Chlordane ring-necked

pheasant
430 ppm (5 d)

Chlordane mallard duck 858 ppm (5 d)
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Selected toxiaty data for avian and mammalian wildlife

LOAEL NOAEL Acute or

Chemical Species Dose or Conc! Effect Dose or Conc!
Lethal

Dose/Conc ^
LD^ or
LCw

Chlotmerodrin (as Hg) rat 82

3-Chloro-p-toluidinc HCI raven 15.4
5.6

goldcn cagle 100 mg/kg 10 mg/kg

3-Chloro-1,2-propanediol rat reproduction 10000

Chromium (trivalcnt) black duck

(young)

10 ppm survival

Chromium - potassium

dichromate
Japanese quail 5-0 LC, 4400 ppm

2,4,D deer mouse 3 lb/acre

p,p'-DDD pheaunl 552

DDD cowbird 1500 ppm (17 d) lethal

DDE cowbird 1500 ppm (27 d) lethal

DDE Japanese quail 25 ppm (14 wk) reproduction;
liver

5 ppm (12 wk)

DDE rat-tailed bat 107 ppm (40 d)

p,p'-DDE mallard duck 5 ppm (several
mo)

thin egg shells I ppm

p.p'-DDE black duck 10 ppm (6

mo/yr)

thin egg shells

p,p=DDE pigeon 18 mg/kg (8 wk) 36 (8 wk)
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Selected toxicity data for avian and mammalian wildlifa`

LOAEL NOAEL Acute or

Chemical Species Dose or Conc.` Etfcct Dose or Conc!
Lethal

DosdConc!

LDx, or

LCIO

DDT Japanese quail 25 ppm (14 wk) reproduction

DDT Japanese quail 50 ppm (]0 wk) rcproduction 5 ppm (10 wk)

DDT bobwhite quail 500 ppm (4 mo) thyroid 50 ppm (4 mo)

DDT mallard duck 330 ppm (5 d) growth

DDT mallard duck 50 ppm (6 mo)

DDT mallard duck 1869 ppm (5 d)

DDT house sparrow 1500 ppm (3 d)

DDT white-throated

sparrow
5 ppm (I I wk) behav.;

physiol.

DDT earthworm 5 Ib/aere decr. pop.

Di-butyl phthalatc mallard duck 5-0 lethal

conc.
>5000 ppm

Di-butyl phthalate ring dove 10 ppm thin egg shells

2,4-Dichlorophenyl-p-

nitrophenyl ether

rat 100 ppm (97 wk) reproduction 10 ppm (3 gen.) 2600

dog 2000 ppm (2 yr)

Di(2-ethylhexyl)phthalate ferret 10,000 ppm

(14 mo)

physiol.

Di(2-ethylhexyl)phthalate ring dove 10 ppm

Ferrous sulfate rat 1187 mg/kg
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Selected toxicity data for avian and mammalian wildlife

LOAEL NOAEL

^

Ac:Ae Or

Chemical Species Dose or Conc! Effect Dose or Conc.s
Lethal

Dose/Conc!

LD" or

LC5,

Hexachlorobenzene Japanese quail 20 ppm (90 d) reproduction

Hexachlorobenune Japanese quail • 1 ppm

(90 d)

Hexachlorobenzene mallard duck 30% mortality 5000 ppm >5000 ppm

Hcxachlorobutadicne Japanese quail 0.3 ppm (90 d)

Hexachlorophene rat 100 ppm (3 gen.) reproduction 20 ppm (3 gen.)

Hexamethylphosphoric

triamide

rat 2 mg/kg/d (169

d)

reproduction

Iodine mule deer 200 UC (1 xJmo.

7 mo)

accum. in
thyroid

Kepone Japanese quail 200 ppm

(240 d)

Kcponc Japanese quail

Lead bobwhite quad 2000 ppm (6

wk)

Lead acetate Japanese quail I ppm (12 wk) reproductuon

Lead acetate bobwhite quail 1000 ppm (6 wk) growth

Lead arsenate rat 1545 mg/kg

Lead atsonate Japanese quail 4185 ppm (5 d)

Lead arsonate ring-necked

pheasant

4989 ppm (5 d)

40W
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Selected toxicity data for avian and mammalian wildlife

LOAEL NOAEL Acute or

Chemical Species Dose or Cone.s Effect Dose or Conc!
Lethal

Dose/Cone!

LD^ or

LC,

Lead, tetraethyl mallard duck 6 mg/kg

Lithium chloride rcd-winged
blackbird

15,000 ppm
(4 d)

Magnesium Japanese quail 1500 ppm
(2 wk)

physiol. 1000 ppm
(2 wk)

Mercuric chloride Japanese quail 2 ppm (1 yr)

Mercuric chloride Japanese quail 4 ppm (12 wk) physiol. 2 ppm

Mercuric chloride chicken 100 ppm (8 wk) reprod.

Mercuric sulfate chicken 100 ppm (8 wk) reprod.

Methyl mercury chloride mallard duck 5 ppm (3 mo)

Methyl mercuty chloride chicken 5 ppm (8 wk) reprod.

Meihyl mercury

dicyandiamide

mallard duck 0.5 ppm (1 yr) reprod.

black duck 3 ppm
(28 wk/yr, 2 yr)

rcprod.

Monosodium

methanearsonate

white-footed

mouse

1000 ppm (30 d) physiol. 300 mg/kg

Octochlorodibenzo-p-

dioxin

rat 0.5 mg/kg (2

wk)

pathology 0.1 mg/kg (2

wk)

pgg

(hexabromobiphenyl)

Japanese quail 100 ppm (9 wk) reprod. 20 ppm (9 wk)
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Selected toxicity data for avian and mammalian wildlife

LOAEL NOAEL Acute or

Chemical Species Dose or Conc.' Effect Dose or Cone.'
Lethal

Dose/Conc.`

LD., or

LC,

PBB (polybrominatcd

biphenyls

mink I ppm (10 mo) reproduction 179 mg/kg

3.95 ppm

PBB Japanese quail 25 ppm (7 d) blood chem.

Sodium arsenilc mallard duck 100 mg/kg (1 d) thin eggshclls

Sodium cyanide coyote 4 mg/kg physiol.

Sodium

monolluoroacctate

mallard duck 3.71 mg/kg

mallard duck 9.11 mg/kg

ring-necked

pheasant

6.46 mg/kg

chukar partridge 3.51 mg/kg

quaJ 17.7 mg/kg

pigeon 4.24 mg/kg

house sparrow 3.00 mg/kg

kit fox 0.22 mg/kg

Sodium nitrate Japanese quail 3300 ppm (7 d)

Sodium nitrate Japanese quail 660 ppm (15

wk)

Thallium sulfate golden eagle 120 mg/kg

Tribromoethanol mallard duck 150 mg/kg
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Selected toxicity data for avian and mammalian wildlife

LOAEL NOAEL Acute or

Chemical Species Dose or Conc1 Etfect Dose or Conc!
Lethal

Dose/Cone!
LD. or
LCa

Vanadyl sulfate mallard duck 100 ppm
(12 wk)

blood chem. 10 ppm (12 wk)

Zinc phosphide kit fox 93 mg/kg

Zinc phosphide red fox 10.64 mg/kg/d
(3 d)

Zinc phosphide gn:y fox 8.6 mg/kg/d
(3 d)

Zinc phosphide great homed owl 22.31 mg/kg/d
(3 d)

' Data extracted from TERRE-TOX database (Meyers and Schiller 1986). Complete citations for these data are not yet available.

^ Dose in mg/kg/day; dictary concentration in ppm; water concentration in mg/L.
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APPENDIX B

NOAELs and WAEIs for Laboratory Animals



NOAELs and LOAELs for laboratory animals

LOAEL NOAEL OR NOEL

Chemical Species mg/kg
Concentration in

DicC or Water Etfect mg/kg
Concentration in

Diet' or Water References (LOAEL/NOAEL)

Acetone rat 500 (90 d) liver and kidney 100 (90 d) EPA, 1996

Arsenic, inorganic

(trivalent) (as As)

mouse 5 mg/L ( 3 gen.) decr. litter size Schroeder and Mitchener, 1971

rat 4.88 62.5 ppm (2 yr) dccr. growth 2.44 31.3 ppm (2 yr) Byron et al., 1967

dog 3.1 125 ppm (2 yr) dccr. survival 1.25 50 ppm (2 yr) Byron et al., 1967

Barium rat 5.1 (16 mo) cardiovascular 0.51 (16 mo) Perry ct al., 1983

Brnzrne rat 100 (103 wk) decr. survival Huff et a)., 1989

rat 25 (103 wk) lymphocytopenia Huff et at, 1989

Beryllium rat 443 (83 d) bone;

decr. wt
0.54 (I126 d) 5 mg/L (1126 d) Businco, 1940/Schroederand

Mitchrner, 1975

Carbon tetrachloride rat 10 (12 wk) liver, necrosis 0.71 (12 wk) Bruckner et at, 1986

Chlordane mouse 0.16 (22 d) blood chem. TERRE-TOX (78,290,617)
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NOAELs and LOAELs for laboratory animals

LOAEL NOAEL OR NOEL

Chemical Species mg/Icg
Concentntion in

DicC or Water Effect mg/kg
Concentration in

DicY or Wate? Refen:nces (LOAEL/NOAEL)

Chloroform rat 90 (78 wk) kidney, testis Reuber, 1979

Chloroform dog 12.9 (7.5 yr) liver, fatty cysts Heywood et al., 1979

Chromium - Ammonium chromate 2.5 (1 yr)

Chromium VI rat 2.4 ( 2 yr) Mackenzie ct al., 1958

Chromium - Chromic chloride rat 38.3 (25 wk) Kurokawa et al., 1985

Chromium - Potassium bichromate rat 2.5 ( 1 yr) Mackenzie U al., 1958

Chromium - Potassium chromate rat 2.5 (1 yr) Mackenzie et al., 1958

Chromium - Sodium chromate rat 2.5 (( yr) Mackenzie et a1., 1958

Cyanide rat 10.8 (104 wk) Howard and Hannl, 1955

c:yanide rat 30 deer. wt.;

nervous system;

thyroid

Philbrick d al., 1979

Cyanide - Chlorine cyanidc

°

rat whole body;
thyroid;
nervous system

25.3 (2 yr) Howard and Hannl, 1955

Cyanide - Copper cyanide rat 5 (90 d) EPA. 1986

Cyanide - Hydrogen cyanide rat 31 decr. wt; thyroid;

nervous system

Philbrick ct al., 1979

Cyanide - Hydrogen cyanide rat 11.2 (2 yr) Howard and Hanzal, 1955

Cyanide - Potassium cyanide rat 27 (2 yr) Howard and Hanzal, 1955
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NOAELs and LOAELs for laboratory animals

LOAEL NOAEL OR NOEL

Chemical Species mg/kg

Concentration in

DieC or Watcr Effect mg/kg

Concentration in

Dier or Water References (LOAELMOAEL)

Cyanide - Potassium silver

cyanide

rat 82.7 (2 vr) Howard and Hanzal, 1955

Cyanide - Silver cyanide rat 55.7 (2 yr) Howard and Hamal, 1955

Cyanide - Sodium cyanide rat 56

(subchronic)

decr. wt.;

thyroid;

nervous system

20.4 (CN")

(104 wk)

Phi;•rick et al., 1979/f1oward

and Hanzal, 1955

Cyanide - Zinc cyanide rat deer. wt.;

thyroid;

nervous system

24.3 (2 yr) Howard and Hanzal. 1955

1,2-Dichloronhane rat lung, liver, heart 7.4 ( S8 mo.) Heppcl et al., 1946; Hofman et

at., 1971; Spencer et al., 1951

1,1-Dichlorocthylcr.c rat 9 (2 yr) liver, histol. Quast et al., 1983

t 7-Dirblonwhylr.,r

mixed isomcrs

rat 500 mg/L Gvcr lesions Quast et a1., 1983

Ethyl acetate rat 3600 (90 d) decr. weight 900 (90 d) EPA, 1986

Hacachlorocyclohczanc rat 0.9 ppp (90 d) pathol. TERRE-TOX (78-290,620)
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NOAELs and LOAEL5 for laboratory animals

LOAEL NOAEL OR NOEL

Chemical Specia mg/kg

Concentration in

Dict' or Water Effect mg/kg

Concentration in

DieC or Watef Refererms (LOAEL/NOAEL)

Kepone mouse 12
(10 d gcst.)

fetal mortality TERRE-TOX (76-290,614)

Lead acetate rat 0.29 (30 d) testicular damage Hillerbrand G al., 1973

Managanese human 0.14 Schroedcret al., 1966

M:rcuric chloride rat 0.64 (39 wk) immune syst.;

kidney
Knoflach et al., 1996

Mercuric sulfide mouse 13.3 Revis et al., 1989

Mercury, methyl human 0.2 nervous system SWG, 1971

Methanol rat 2500 (90 d) blood chem. 500 (90 d) EPA. 1986

Methanol rat 2.5 (gcst.) 0.0002 mg/L behavior

(neonates)

Infurna and Weiss, 1986

^
u

Methylene chloride rait 52.58

('-yd

liver, histol. 5.85 (2 yr) NCA, 1982

Methyl ethyl kctone (inhalation

data)

rai:

T

92 (12 wk) Labelle and Brieger, 1955
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NOAELs and LOAELs for laboratory animals

LOAEL NOAEL OR NOEL

Chemical Species mg/kg

Concentration in

DieC or Water Effect mg/kg

Concentration in

Dict' or Wate? References (LOAEL/NOAEL)

4-Methyl-2-pentanone rat liver; kidney 50 (13 wk) Microbiological Associates,

1986

Nitrate human 1.8-3.2

(5 8 mo)
methemo-

globinemia
1.6 ( 5 8 mo) Bosch et al., 1950

o-Phenylphenol rat 300 ( 10 d) TERRE-TOX (78-290,623)

PCBs (Aroclor 1248) monkey 2.5 ppm (18 mo) repmd. TERRE-TOX (79-290,315)

PCBs (Aroclor 1248) monkey

(young)

0.154 ppm (4 mo) lethal TERRE-TOX (79-290,315)

PCBs (Aroclor 1254) rat > 1.0 >20 ppm (2 gen.) decr. litter size <0.25 <5 ppm (2 gen.) Linder et al., 1974

^^.PCBs(Arodor1254) rabbit fctotoxicity 10(gest) Villeneuvedal.,t971

N-Nitrosodipropylamine rat mg/L (30 wk) lung, inflamm. Lijinsky and Reuber, 1981a

p-Nitrosodiphenylamine mouse 4254 ppm (57 wk) liver NCL 1979b

rat 5000 ppm ( long-

term)

NCI, 1979b

Strontium (stable) rat rachitic changes 263.1 (3 yr) Skoryna, 1981
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NOAELs and LOAELs for laboratory animals

LOAEL NOAEL OR NOEL

Chemical Species mg/kg
Concentration in
Diet' o: Wate? Effect mg/kg

Concentration in
Diet' or Water' References (LOAEL/NOAEL)

1,1,2,2-Tetrachloroethylcne mouse 300 (78 wk) liver NCI, 1977

1,1,2,2-Tetrachloroethylcne mouse 71 (6 wk) incr. liver wt.

and triglycerides

14 (6 wk) Buben and O'flahcrty, 1985

Toluene rat 446 (13 wk) incr. organ wts. 223 (13 wk) NTP, 1969

1,1,1-Trichloroethane rat 750 (78 wk) decr. survival 350 (12 wk) NCf, 1977/ Bruckneret al.,
1985

1,1,1-Trichloroethane g.pig liver 500 ppm Torkelson et al., 1958

Tricnlnrocthylene rat 150 ( 2 gen.) decr. litter size 75 NTP, 1986

T.^chloroethylene

II

mice 300 (2 gen.) decr. neonate
survival

ISO NTP, 1985

Uranium ( soluble salts) rabbit 2.8 (30 d) kidney, histol. Maynard and Hodge, 1949

Vinyl choride rat 1.3 (149 wk) deer. survival;
liver

0.13 Dow Chemical Co., 1984
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APPENDIX C

List of Common Species of MammalsO1 and Birds63 on the Oak Ridge Reservation



C-1. List of common species of mammals found on the Oak Ridge Reservalion'

Body Weight Food Water
Group/Species Scienti6c Name (g) Intake Intake References

Shrews and moles:
Short-tailed shrew Blarina brevicauda 14-29; 0.49 g/g 0.223 gig Whitaker,

11 1980
125 mL/d Talmage,

1989

Eastern mole Scalopus aquaticus 82-140 Whitaker,
1980

Rodents: 25-39; Whitaker,

Pine vole Microtus pinetorum 20-30 5.5 1980
mL/d; ASM,
1.8 mL/d 1969-92

Chew, 1965

Prairie vole Microtus ochrogaster 37-48 Whitaker,
1980

Meadow vole Microtus 20-70; Whitaker,

pennsylvanicus 44.2 (avg., m), 0.21 1980

44.0 (avg., f) mL/g ASM,
0.002 1969-92
mL/d Laughlin et

al., 1975

White-footed mouse Peromyscus leucopus 10-43; Whitaker,
22 (avg., TN) 1980

3 nil.Jd Talmage,
1989
Getz, 1968

Golden mouse Peromyscus nuttalli 68-93 Whitaker,
1980

Eastern harvest mouse Reithrodontomys 10-15 Whitaker,
humulis 1980

House mouse Mus musculus 18-23 Whitaker,
1980

Cotton rat Sigmodon hispidus 80-120; Whitaker,
110-225 (m) 1980 ASN,i,
100-200 (f) 23 mUd 1969-92
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C-1. Lis t o f common specics of mammals found on the Oak Ridge Reservation'
--

Body Weight

-

Food Water

-'^

Group/Species Scientific Name (g) Intake Intake References

Norway rat Rattus nonrgicus 195-485 Whitaker,
21 mUd 1980

Chew, 1965

Eastern chipmunk Tamias striatus 66-139 Whitaker,
1980

Gray squirrel Sciurus carolinenris 400-710 Whitaker,
1980

Muskrat Ondatra zibethica 541-1,816; Whitaker,

700-1,800 1980
ASM,
1969-92

Rabbi • 900-1800; Whitaker,
Eastern cottontail Sydvilagus floridanus 1134 (avg., m) 1980

1244 (avg., f) ASM.
1969-92

Marmotes:
Woodchuck Marmota mona= 2000-6400 Whitaker,

1980

Marsuuials:
Opossum Didelphis marsupialis 1800-6300 Whitaker,

1980

Skunks. mink and

weasel: Mephitis mephitis 2700-6300 Whitaker, II,
Striped skunk 1980

Mink Mustela vison 700-1600 Whitaker,
175 mL/d 1980

Eriksson et

al., 1984

Red bat Lasiurus boreali.r :.5-15 Whitaker,
1983

Big brown bat Epiesicusfuscus 13-18 Whitaker,
1980

Raccooas: 5400-21,600 Whitaker,
Raccoon Procyon lotor 6170 (avg., in, MI) 1980

ASM,
1969-92
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C-1. List of common species of mammals found on the Oak Ridge Reservation' ]

Body Weight Food Water
Group/Species Scientific Name (g) In take Intake References

Fox. coyote, and wolves:
Red fox Vulpesfulva 3600-6800 Whitaker,

1980

Gray fox Urocyon 3300-5900 Whitaker,
cineroargenteus 1980

Coyote Canis latrans 8000-20,000 (m), ASM,
7000-18,000 (f); 1969-92
16,750 (avg. m,
TX)
13,620 ( avg., f,
TX)

Red wolf Canisfufus 27,623 (avg, m) ASM,
21,591 (avg, f) 1969-92

Ca c•
Bobcat Felis rufus 6400-3100 Whitaker,

1980

Deer; Odocoileus 68,000 (avg., m) ASM,
Whitetail deer virginianus 45,000 (avg., f) 1969-92
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C-2. List of common species of birds found on the Oak Ridge Reservation' ]

Group/Species Sex Scientific Name
BW`
(p,)

Food`
Intake
(g/day)

Water"
Intake
(mUday)

holand Birds:

Wild Turkey F Meleagris gallipavo 4222 148.52 154.86

M 7400 214.02 225.55

Bobwhite quail Both Colinus virginianus 178 18.91 18.56

Ruffcd grouse F Bonasa umbellus 532 38.56 38.66

M 621 42.65 42.88

Mourning dove F Zenaida macroura 115 14.23 13.85

M 123 14.86 14.49

Domestic pigeon Both Columba livia 542 39.03 39.14

Killdcer F Charadrius vocijerus 101 13.07 12.70

M 92.1 12.31 11.93

American woodcock F Philohela minor 219 21.64 21.33

M 176 18.77 18.42

Waterfowl:

Black duck F Anas rubripes 1100 61.88 62.89

M 1400 72.39 73.92

Mallard duck Both Anas platyrhychos 1082 61.21 62.20

Blue-winged teal F Anac discors 363 30.07 29.92

M 409 32.49 32.41

Canadian goose F Branra canadensis 3314 126.86 131.67

M 3814 139.01 144.67

American coot F Fulica americana 560 39.87 40.01

M 724 47.13 47.52

Wood duck F Aix aponsa 635 43.27 43.52

M 681 45.28 45.61
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C-2. List of common species of birds found on the Oak Ridge Reservation'

Group/Species Sex Scientific Name
BW'
(g)

Food`
Intake
(g/day)

Water'
Intake
(mUday)

Wadine birds:

Great blue heron F Ardea herodias 2204 97.28 100.19

M 2576 107.67 111.22

Green heron Both Butorides virescens 212 21.18 20.87

Belted kingGsher Both Ceryte a(cyon 146 16.77 16.40

Raotors•

American osprey F Pandion haliaencs 1569 77.94 79.75

M 1403 72.50 74.03

Red-tailed hawk F Buteo jamaciencis 1224 66.33 67.56

M 1028 59.21 60.10

Red-shouldered hawk F Buteo lineatus 643 43.62 43.89

M 475 35.82 35.83

Broad-winged hawk F Buteo plarypterus 480 36.06 36.08

M 420 33.06 32.99

Northern Harrier F Circus cyaneus 531 38.51 38.61

M 350 29.36 29.20

Cooper's hawk F Accipiter cooperi 529 38.42 38.51

M 349 29.31 29.14

Sharp-shinned hawk F Accipiter striatus 174 18.63 18.28

M 103 13.24 12.87

Great homed owl F Buho virginianus 1769 84.30 86.46

M 1318 69.60 70.99

Barrcd owl F Stric varia 801 50.33 50.85

M 632 43.14 43.38

Eastern screech owl F Otus asio 194 20.00 19.66

M 167 18.14 17.79
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C-2. List of common species of birds found on the Oak Ridge Reservation'

Group/Species Sex Scientific Name
BW'
(g)

Food`
Intake
Wday)

Water"
Intake
(mUday)

Black vulture F Coragyps atrarus 2172 96.35 99.21

M 1989 90.99 93.53

Turkey vulture Both Cathartes aura 1467 74.63 76.27

Song birds:

Carolina wren Both Dtryothorus tudovicianus 21 5.29 4.43

Carolina chickadce F Parus carolinensis 9.8 2.77 2.66

M 10.5 2.94 2.79

Indigo bunting F Passerina cyanea 14.1 3.77 3.39

M 14.9 3.95 3.52

Tufted titmouse Both Parus bicofor 21.6 5.42 4.52

Northern cardinal F Cardinalis cardinafit 43.9 9.90 7.27

M 45.4 10.19 7.43

Rufous-sided towhee F Pipilo ertbrophrhabnus 39.3 9.02 6.75

M 41.7 9.48 7.02

Oven bird Both Selurus aurncapilfus 19.4 4.95 4.20

Kentucky warbler F Oporornisformosus 13.7 3.68 3.33

M 14.3 3.82 3.43

Hoodcd warbler F W/sonia cifrina 10.1 2.84 2.71

M 10.8 3.01 2.84

Black and white warbler F Mniotida varia 10.6 2.96 2.80

M 11 3.06 2.87

Worm-eating warbler Both Mebnitheros vermivorous 13 3.52 3.22

Northern mockingbird Both Mimus pol)gloaos 11 3.06 2.87

Bluejay Both Cyanocitta crtsrata 86.6 17.65 11.45

American crow F Corvur brachyrynchos 438 70.00 33.93

M 458 72.71 34.96

Arncrican robin Both Turdus migrarorius 77.3 16.03 10.61
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C-2. L ist o f common species of birds found on the Oak Ridge Reservation'

Group/Species Sex Scientific Name
BW'
(g)

Food`
Intake
(g/day)

Waterd

•Intake
(mUday)

Wood thrush Both Hyfocicla mustelina 47.4 10.58 7.65

European starling F Srurnus vulgaris 79.9 16.48 10.85

M 84.7 17.32 11.29

Common grackle F Qusiculus quiscufa 100 19.95 12.61

M 127 24.44 14.80

Brown-headed cowbird F Mofoihrus ater 38.8 8.92 6.69

M 49.9 11.0 7.92

Song sparrow F Melospiza melodia 20.5 5.19 4.36

M 21 5.29 4.43

Field sparrow Both Spi;ella pusilla 12.5 3.41 3.13

Chipping sparrow Both Spizella passerina

House sparrow F Passer domesricus 27.4 6.63 5.29

M 28 6.76 5.37

Red-winged blackbird F Agelaius phoeniceus 41.5 9.45 7.00

M 63.6 13.58 9.31

Common Yellowthroat F Geodih,pis rrichas 9.9 2.79 2.68

M 10.3 2.89 2.75

Yellow-brcasted chat F lcleria vireas 25.1 6.16 5.00

M 25.5 6.24 5.05

Whitc-eyed virco Both Vireo griuus 11.4 3.15 2.94

• Source: Clinch River Breeder Reactor, EIS, 1976-79.

Sourcc: Dunning 1984.

• Calculated using Equation 13 (Equation 14 for songbirds).

Calculated using Equation 20.
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